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COMMUNITY

REN21 is a multi-stakeholder network; collectively this network shares its insight
and knowledge, helping the REN21 Secretariat produce its annual Renewables
Global Status Report as well as regional reports. Today the network stands
at 700 renewable energy, energy access and energy efficiency experts. For
GSR 2016, 180 experts joined the report process, equivalent to the total number of GSR
experts in 2012,

These experts engage in the GSR process, giving their time, contributing data and
providing comment in the peer review process. The result of this collaboration is an
annual publication that has established itself as the world's most frequently referenced
report on the global renewable energy market, industry and policy landscape.
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FOREWORD

The year 2015 was an extraordinary one for renewable energy. High-profile agreements were made by G7 and G20 governments
to accelerate access to renewable energy and to advance energy efficiency. The United Nations General Assembly adopted a
dedicated Sustainable Development Goal on Sustainable Energy for All (SDG 7). Despite a dramatic decline in global fossil fuel
prices, the world saw the largest global capacity additions from renewables to date. However, continuing fossil fuel subsidies and
low fossil fuel prices did slow growth in the heating and cooling sector, in particular.

Precedent-setting commitments to renewable energy were made by regional, state and local governments as well as by the private
sector. Global investment in renewables reached a new high, with investment in developing countries surpassing that of industrialised
countries. The year culminated with the United Nations Framework Convention on Climate Change's (UNFCCC) 21st Conference of
the Parties (COP21) in Paris, where 195 countries agreed to limit global warming to well below 2 degrees Celsius.

Renewables are now cost-competitive with fossil fuels in many markets and are established around the world as mainstream
sources of energy. Renewable power generating capacity saw its largest increase ever. Modern renewable heat capacity also
continued to rise, and renewables use expanded in the transport sector. Distributed renewable energy is advancing rapidly to close
the gap between the energy haves and have-nots.

However, in order to increase energy access while at the same time meeting the target of limiting global temperature increase to
2 degrees Celsius, remaining fossil fuel reserves will have to be kept in the ground, and both renewable energy and energy efficiency
will have to be scaled up dramatically.

Similar to the renewable energy field itself, the Renewables Global Status Report is the sum of many parts. At its heart is a multi-
stakeholder network that collectively shares its insight and knowledge. These experts engage in the GSR process, giving their time,
contributing data and providing comment. Today the network stands at 700 renewable energy, energy access and energy efficiency
experts.

On behalf of the REN21 Secretariat, | would like to thank all those who have contributed to the successful production of this year's
report. These include primary lead author Janet L. Sawin, lead authoring team members Kristen M. Seyboth and Freyr Sverrisson,
the section authors, GSR project manager, Rana Adib and the entire team at the REN21 Secretariat, under the leadership of REN21's
Executive Secretary Christine Lins.

This year's report clearly demonstrates the enormous potential of renewables. However, to accelerate the transition to a healthier,
more secure and climate-safe future, we need to build a smarter, more flexible system that maximises the use of variable sources of
renewable energy and that accommodates both centralised and decentralised as well as community-based generation.

Arthouros Zervos

Chairman of REN21

Renewable Energy
Policy Network
for the 21st Century
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RENEWABLE ENERGY POLICY NETWORK
FOR THE 21°" CENTURY

REN21 is the global renewable energy policy multi-stakeholder network that
connects a wide range of key actors. REN21's goal is to facilitate knowledge
exchange, policy development and joint action towards a rapid global transition

to renewable energy.

REN21 brings together governments, nongovernmental organisations, research
and academic institutions, international organisations and industry to learn from
one another and build on successes that advance renewable energy. To assist
policy decision making, REN21 provides high-quality information, catalyses

discussion and debate, and supports the development of thematic networks.

REN21 facilitates the collection of comprehensive and timely information on
renewable energy. This information reflects diverse viewpoints from both private
and public sector actors, serving to dispel myths about renewable energy and to

catalyse policy change. It does this through six product lines:

Global Status Report:
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Indian
Renewable Energy
Chinese Status Report
REN21 First GSR Renewable Energy R bl
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nteractive Map
2004 2005 2006 2007 2008 2009 2010
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events: 2004, Bonn Beijing Washington Delhi
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RENEWABLES GLOBAL STATUS REPORT (GSR)

First released in 2005, REN21's Renewables Global Status Report
(GSR) has grown to become a truly collaborative effort, drawing
on an international network of over 500 authors, contributors
and reviewers. Today it is the most frequently referenced report
on renewable energy market, industry and policy trends.

REGIONAL REPORTS

These reports detail the renewable energy developments of a
particular region; their production also supports regional data
collection processes and informed decision making.

RENEWABLES INTERACTIVE MAP

The Renewables Interactive Map is a research tool for tracking
the development of renewable energy worldwide. It complements
the perspectives and findings of REN21's Global and Regional
Status Reports by providing continually updated market and
policy information as well as offering detailed, exportable country
profiles.

GLOBAL FUTURE REPORTS (GFR)

REN21 produces reports that illustrate the credible possibilities
for the future of renewables within particular thematic areas.

RENEWABLES ACADEMY

The REN21 Renewables Academy provides an opportunity
for lively exchange among the growing community of REN21
contributors. It offers a venue to brainstorm on future-orientated
policy solutions and allows participants to actively contribute on
issues central to a renewable energy transition.

INTERNATIONAL RENEWABLE ENERGY CONFERENCES
(IRECS)

The International Renewable Energy Conference (IREC) is a
high-level political conference series. Dedicated exclusively to
the renewable energy sector, the bi-ennial IREC is hosted by a
national government and convened by REN21.

Lo~ »Y

REN21

Renewables Academy

~
' ~

Regional Reports Global Futures Report www.ren21.net/map RENZ21 International
Renewables Academy Renewable Energy
Conferences
SADC and UNECE
Renewable Energy
Global Futures Report ECOWAS and Energy Efficiency EAC Renewable
Global Status Report MENA Renewable Energy Status Reports Energy and Energy
on Local Renewable Renewable Energy and Energy Efficiency R bles Interacti Efficiency Status
Energy Policies Status Report Status Report Menevva es Interactive Report
ap revamp
20Mm 2013 2014 2015 2016
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ADIREC, First REN21 SAIREC,
Abu Dhabi Renewables South Africa
International Academy, International
Renewable Energy Bonn Renewable Energy
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Community energy fosters integrated energy concept

Ten years ago, citizens of Jihnde village - 770 inhabitants - aimed to demonstrate the economic and

organisational feasibility of creating a community-driven bioenergy village. Having successfully installed a

biogas-based CHP plant, the community’s objective has shifted to optimising the plant’s overall efficiency and
[ | flexibility, to allow for a complete use of the power and heat produced and to increase the income generated by

the sale of surplus power. Bioenergy village Jihnde also aims to extend the energy use to the transport sector.

Jiihnde, Germany | Created: 2006 | Members: 195
Solid biomass and biogas CHP plant (550 kWi, 716 kWg) - district heating network for 144 households
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EXECUTIVE SUMMARY

GLOBAL OVERVIEW

An extraordinary year for renewable energy

The year 2015 was an extraordinary one for renewable energy,
with the largest global capacity additions seen to date, although
challenges remain, particularly beyond the power sector. The year
saw several developments that all have a bearing on renewable
energy, including a dramatic decline in global fossil fuel prices;
a series of announcements regarding the lowest-ever prices for
renewable power long-term contracts; a significant increase in
attention to energy storage; and a historic climate agreement in
Paris that brought together the global community.

Renewables are now established around the world as main-
stream sources of energy. Rapid growth, particularly in the
power sector, is driven by several factors, including the improving
cost-competiveness of renewable technologies, dedicated
policy initiatives, better access to financing, energy security
and environmental concerns, growing demand for energy in
developing and emerging economies, and the need for access to
modern energy. Consequently, new markets for both centralised
and distributed renewable energy are emerging in all regions.

2015 was a year of firsts and high-profile agreements and
announcements related to renewable energy. These include
commitments by both the G7 and the G20 to accelerate access
to renewable energy and to advance energy efficiency, and the
United Nations General Assembly’s adoption of a dedicated
Sustainable Development Goal on Sustainable Energy for All
(SDG 7).

The year's events culminated in December at the United Nations
Framework Convention on Climate Change's (UNFCCC) 21¢
Conference of the Parties (COP21) in Paris, where 195 countries
agreed to limit global warming to well below 2 degrees Celsius.
A majority of countries committed to scaling up renewable
energy and energy efficiency through their Intended Nationally
Determined Contributions (INDCs). Out of the 189 countries that
submitted INDCs, 147 countries mentioned renewable energy,
and 167 countries mentioned energy efficiency; in addition, some
countries committed to reforming their subsidies for fossil fuels.
Precedent-setting commitments to renewable energy also were
made by regional, state and local governments as well as by the
private sector.

Although many of the initiatives announced in Paris and
elsewhere did not start to affect renewable markets in 2015,
there already were signs that a global energy transition is under
way. Renewable energy provided an estimated 19.2% of global

final energy consumption in 2014, and growth in capacity and
generation continued in 2015.

An estimated 147 gigawatts (GW) of renewable power capacity
was added in 2015, the largest annual increase ever, while
renewable heat capacity increased by around 38 gigawatts-
thermal (GW4,), and total biofuels production also rose. This
growth occurred despite tumbling global prices for all fossil
fuels, ongoing fossil fuel subsidies and other challenges facing
renewables, including the integration of rising shares of renewable
generation, policy and political instability, regulatory barriers and
fiscal constraints.

Global investment also climbed to a new record level, in spite
of the plunge in fossil fuel prices, the strength of the US dollar
(which reduced the dollar value of non-dollar investments), the
continued weakness of the European economy and further
declines in per unit costs of wind and solar photovoltaics (PV).
For the sixth consecutive year, renewables outpaced fossil fuels
for net investment in power capacity additions.

Private investors stepped up their commitments to renewable
energy significantly during 2015, The year witnessed both an
increase in the number of large banks active in the renewables
sector and an increase in loan size, with major new commitments
from international investment firms to renewables and
energy efficiency. New investment vehicles - including green
bonds, crowdfunding and yieldcos - expanded during the
year. Mainstream financing and securitisation structures also
continued to move into developing country markets as companies
(particularly solar PV) and investors sought higher yield, even at
the expense of higher risk.

In parallel with growth in markets and investments, 2015 saw
continued advances in renewable energy technologies, ongoing
energy efficiency improvements, increased use of smart grid
technologies and significant progress in hardware and software
to support the integration of renewable energy, as well as
progress in energy storage development and commercialisation.
The year also saw expanded use of heat pumps, which can be an
energy-efficient solution for heating and cooling.

Employment in the renewable energy sector (not including
large-scale hydropower) increased in 2015 to an estimated
8.1 million jobs (direct and indirect). Solar PV and biofuels
provided the largest numbers of renewable energy jobs. Large-
scale hydropower accounted for an additional 1.3 million direct
jobs. Considering all renewable energy technologies, the leading
employers in 2015 were China, Brazil, the United States and India.
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POWER SECTOR

Record year for solar PV and wind, transformation
accelerates

The power sector experienced its largest annual increase in
capacity ever, with significant growth in all regions. Wind and
solar PV had record additions for the second consecutive year,
accounting for about 77% of new installations, and hydropower
represented most of the remainder. The world now adds more
renewable power capacity annually than it adds (net) capacity
from all fossil fuels combined. By the end of 2015, renewable
capacity in place was enough to supply an estimated 23.7% of
global electricity, with hydropower providing about 16.6%.

Around the world, technical, economic and market transformation
of the electric power sector continued to accelerate, and many
countries have begun to respond to the challenge of grid
integration. Technological advances, expansion into new markets
with better resources, and improved financing conditions
continued to reduce costs in 2015.

Electricity from hydro, geothermal and some biomass power
sources has been broadly competitive with power from fossil
fuels for some time; in favourable circumstances (i.e., with good
resources and a secure regulatory framework), onshore wind
and solar PV also are cost-competitive with new fossil capacity,
even without accounting for externalities. In 2015 and early 2016,
expectations of further cost improvements were made evident
by record-low winning bids in power auctions in places ranging
from Latin America, to the Middle East and North Africa region,
to India.

Globally, renewable electricity production in 2015 continued to
be dominated by large (e.g., megawatt-scale and up) generators
that are owned by utilities or large investors. At the same time,
there are markets where distributed, small-scale generation
has taken off, or is starting to do so. Bangladesh is the world's
largest market for solar home systems, and other developing
countries (e.g., Kenya, Uganda and Tanzania in Africa; China,
India and Nepal in Asia; Brazil and Guyana in Latin America)
are seeing rapid expansion of small-scale renewable systems,
including renewables-based mini-grids, to provide electricity for
people living far from the grid. Developed countries and regions
- including Australia, Europe, Japan and North America - have
seen significant growth in numbers of residential and industrial
electricity customers who produce their own power.

HEATING AND COOLING SECTOR

Increasing awareness, but challenges continue to
inhibit growth rates

Modern renewable energy supplies approximately 8% of final
energy for heating and cooling services worldwide in buildings
and industry, the vast majority of which is provided by biomass,
with smaller contributions from solar thermal and geothermal
energy. However, approximately three-quarters of global energy
use for heat is fossil fuel-based.

Although the total capacity and generation of renewable heating
and cooling technologies continued to rise, 2015 saw global
growth rates decline, due in part to low global oil prices. Trends
differed substantially by region, however. Solar energy was
integrated into a number of district heating systems in 2015,
largely in Europe. While there is growing interest in district
cooling systems, the use of renewable energy in these systems
is as of yet rare.

Policy support for renewable heating and cooling remained
far below support in other sectors. Overall, despite ongoing
challenges to renewable heating and cooling markets in 2015,
there were international signals that awareness and political
support for related technologies may be growing.

TRANSPORT SECTOR

Advances in new markets, applications and
infrastructure

Renewable energy accounted for an estimated 4% of global fuel
for road transport in 2015. Liquid biofuels continued to represent
the vast majority of the renewable energy contribution to the
transport sector. The year saw advances in new markets and
applications, such as aviation biofuels.

Infrastructure for compressed natural gas vehicles and fuelling
stations continued to spread, creating further opportunities for
integrating biomethane, particularly in Europe. Electric mobility
research advanced, with a number of announcements regarding
new developments in both light- and heavy-duty electric vehicles
(EVs), while exploration of methods to integrate renewable energy
into EV charging stations also continued to expand.

Policy support for renewable energy in the transport sector
continues to lag behind such support in the power sector.
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RENEWABLE ENERGY INDICATORS 2015

2014

INVESTMENT

New investment (annual) in renewable power and fuels' billion USD 273 285.9

Renewable power capacity (total, not including hydro) GW 665 785
Renewable power capacity (total, including hydro) GW 1,701 1,849
Hydropower capacity ? GW 1,036 1,064
[ Bio-power capacity? GW 101 106
[ Bio-power generation (annual) TWh 429 464
Geothermal power capacity GW 12.9 13.2
[ Solar PV capacity GW 177 227
[ Concentrating solar thermal power capacity GW 4.3 4.8
Wind power capacity GW 370 433
HEAT

£ Solar hot water capacity GWiy 409 435
TRANSPORT

[ Ethanol production (annual) billion litres 94.5 98.3
[ Biodiesel production (annual) billion litres 30.4 30.1
POLICIES

Countries with policy targets # 164 173
States/provinces/countries with feed-in policies # 110 110
States/provinces/countries with RPS/quota policies # 98 100
Countries with tendering / public competitive bidding® # 60 64
Countries with heat obligation/mandate # 21 21
Countries with biofuel mandates® # 64 66

! Investment data are from Bloomberg New Energy Finance and include all biomass, geothermal and wind power generation projects of more than 1 MW; all
hydro projects of between 1and 50 MW; all solar power projects, with those less than 1 MW estimated separately and referred to as small-scale projects or
small distributed capacity; all ocean energy projects; and all biofuel projects with an annual production capacity of 1 million litres or more.

2 The GSR 2015 reported a global total of 1,055 GW of hydropower capacity at end-2014. The value of 1,036 GW shown here reflects the full difference between
end-2015 capacity (1,064 GW) and new installations in 2015 (28 GW). Capacity at end-2014 may have been greater than 1,036 GW considering an unde-
termined amount of capacity retirements and plant repowering during the year. Note also that the GSR strives to exclude pumped storage capacity from
hydropower capacity data.

3 Bio-power capacity for 2014 was adjusted upwards relative to data in GSR 2015 to reflect the most recent data available.

4 Solar hot water capacity data include water collectors only. The number for 2015 is a preliminary estimate.

5 Data for tendering / public competitive bidding reflect all countries that have held tenders at any time up to the year of focus.

© Biofuel policies include policies listed both under the biofuels obligation/mandate column in Table 4 (Renewable Energy Support Policies) and in Reference
Table R25 (National and State/Provincial Biofuel Blend Mandates). Countries are considered to have policies when at least one national or state/provincial-level
policy is in place.

Note: All values are rounded to whole numbers except for numbers <15, biofuels and investment, which are rounded to one decimal point.

RENEWABLES 2016 - GLOBAL STATUS REPORT
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POLICY LANDSCAPE

The vast majority of countries worldwide had renewable energy
support policies in place by the end of 2015, These policies
received increased interest during the year, due in large part to
the global effort to mitigate global climate change during COP21
in Paris.

The total number of countries with renewable energy policies
increased again in 2015, As of year-end 2015, at least 173 countries
had renewable energy targets (not considering INDCs), and an
estimated 146 countries had renewable energy support policies,
at the national or state/provincial level. Several jurisdictions
raised the ambition of their targets and strengthened their
policies, although many weakened their support for renewables.

POLICIES FOR ELECTRICITY

Electricity continues to dominate policy makers'
focus

Policy makers continued to focus predominantly on renewable
power generation technologies, particularly solar PV and wind
power. As of year-end 2015, 110 jurisdictions at the national or
state/provincial level had enacted feed-in policies, making this
the most widely adopted regulatory mechanism to promote
renewable power.

Tendering has gained significant momentum in recent years and
is preferred to feed-in policies in a growing number of countries.
By the end of 2015, at least 64 countries had held renewable
energy tenders, with record bids in terms of both low price and
high volume seen across the world's developing and emerging
countries. European countries also are transitioning to tendering,
reflecting the shift in EU policy.

In addition, 52 countries had adopted net metering / net billing
policies, including four new policies adopted at the national
level and five added at the state/provincial level. Fiscal policies,
including grants, loans and tax incentives, continued to be
important tools for promoting the deployment of new projects and
the advanced development of renewable energy technologies.
Many countries use a combination of these policies to advance
renewables in the power sector.

POLICIES FOR HEATING AND COOLING

Policy support remains well below other sectors

The slow pace of adoption of policies to support renewable
heating and cooling technologies continued throughout 2015.
Policies that have been adopted are directed mainly towards
renewable heating technologies rather than renewable cooling,
and they focus primarily on smaller-scale solar thermal heating
options in residential and commercial buildings, such as solar
water heaters.

An estimated 47 countries worldwide had targets for renewable
heating or cooling in place by the end of 2015. Renewable heating
targets were included in the INDCs submitted to the UNFCCC
by Bosnia and Herzegovina, Jordan and Malawi. At least 21
countries had mandates for renewable heating and cooling
technologies during the year, and no new ones were added at
the national or state/provincial level. Due to the slow progress in

adopting regulatory support, fiscal incentives remain the primary
mechanism that policy makers use to support the renewable
heating and cooling sectors.

RENEWABLE ENERGY TRANSPORT POLICIES

Slow development and shifting support to second-
generation biofuels

Nearly all policies adopted in the renewable transport sector in
2015, as in past years, were directed at road transport through
support for biofuels production and use. Policies to promote the
integration of renewable energy and electric vehicles, as well as
the use of renewables in aviation, rail or shipping, have been slow
to develop.

As of year-end 2015, biofuel mandates were in place in 66
countries at the national or state/provincial level. Support has
shifted increasingly towards the promotion of advanced biofuels,
although, globally, most policies adopted to date focus primarily
on first-generation biofuels.

CITY AND LOCAL GOVERNMENT RENEWABLE
ENERGY POLICIES

Continuing to lead with innovative policies

Cities and municipalities continued to expand their influence
as leaders in the global energy transition. The important role
of municipal governments and local-level climate-based
commitments in promoting deployment of renewable energy
technologies on a large scale was highlighted as an important
component of the COP21 climate negotiations in Paris.

Cities relied on a mix of regulatory policies, mandates and direct
purchasing to support the deployment of renewable energy
within their jurisdictions.

In 2015, some cities - such as Amsterdam (Netherlands) and Graz
(Austria) - committed to developing their renewable heat sectors,
while others - including Cape Town (South Africa) and Banff
(Canada) - adopted regulatory measures to promote renewable
power. In the transport sector, some national governments
(including Kenya, Mexico and Vietnam) introduced biofuel blend
mandates as pilot initiatives in cities.

The 100% Renewable Energy movement expanded in 2015 with
new members including Byron Shire, Coffs Harbour and Uralla in
Australia; Oxford County and Vancouver in Canada; and the US
cities of Rochester (Minnesota) and San Diego (California). The
list of cities around the world that have committed to achieving a
100% renewable electricity or energy (across all sectors) system
is growing rapidly.

Cities continued to work together to advance their common
renewable energy goals through their membership in several
high-profile global and regional partnerships, such as the
Covenant of Mayors and the Compact of Mayors.
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Annual investment / net capacity additions / biofuel production in 2015

1 2 3 4 5

Investment in renewable power and fuels . . ’ . .
(not including hydro > 50 MW) China United States  Japan United Kingdom  India
Investment in renewable power T .
and fuels per unit GDP' Mauritania Honduras Uruguay Morocco Jamaica
Geothermal power capacity Turkey United States  Mexico Kenya Germany/Japan
Hydropower capacity China Brazil Turkey India Vietnam

Solar PV capacity China Japan United States  United Kingdom ' India

Concentrating solar thermal power . .

(CSP) capacity? Morocco South Africa United States - -
BN Wind power capacity China United States  Germany Brazil India

Solar water heating capacity China Turkey Brazil India United States
[ Biodiesel production United States Brazil Germany Argentina France
[ Fuel ethanol production United States Brazil China Canada Thailand

Total capacity or generation as of end-2015
1 2 3 4 5

Renewable power (incl. hydro) China United States  Brazil Germany Canada
Renewable power (not incl. hydro) China United States = Germany Japan India
Renewable power capacity per capita .
(among top 20, not including hydro?) Denmark Germany Sweden Spain Portugal
[ Biopower generation United States China Germany Brazil Japan
Geothermal power capacity United States Philippines Indonesia Mexico New Zealand
Hydropower capacity* China Brazil United States  Canada Russian Federat.
Hydropower generation* China Brazil Canada United States Russian Federat.

CSP Spain United States  India Morocco South Africa

Solar PV capacity China Germany Japan United States ltaly

Solar PV capacity per capita Germany [taly Belgium Japan Greece
BN Wind power capacity China United States  Germany India Spain
BN Wind power capacity per capita Denmark Sweden Germany Ireland Spain

Solar water heating collector capacity® China United States  Germany Turkey Brazil

Solar water heating collector .

capacity per capita® Austria Cyprus Israel Barbados Greece
Geothermal heat capacity © China Turkey Japan Iceland India
Geothermal heat capacity per capita Iceland New Zealand  Hungary Turkey Japan

' Countries considered include only those covered by Bloomberg New Energy Finance (BNEF); GDP (at purchasers' prices) data for 2014 from World Bank. BNEF data include the following:
all biomass, geothermal and wind generation projects of more than 1 MW; all hydropower projects of between 1and 50 MW; all solar power projects, with those less than 1 MW estimated
separately and referred to as small-scale projects or small distributed capacity; all ocean energy projects; and all biofuel projects with an annual production capacity of 1 million litres or
more. Small-scale capacity data used to help calculate investment per unit of GDP cover only those countries investing USD 200 million or more.

2 Only three countries brought concentrating solar thermal power (CSP) plants online in 2015, which is why no countries are listed in places 4 and 5.

3 Per capita renewable power capacity ranking considers only those countries that place among the top 20 worldwide for total installed renewable power capacity, not including hydropower.
Several other countries including Austria, Finland, Ireland and New Zealand also have high per capita levels of non-hydro renewable power capacity, with Iceland likely the leader among all
countries. Population data are for 2014 and are from the World Bank.

4 Country rankings for hydropower capacity and generation differ because some countries rely on hydropower for baseload supply whereas others use it more to follow the electric load and
to match peaks in demand.

5 Solar water heating collector rankings for total capacity and per capita are for year-end 2014 and are based on capacity of water (glazed and unglazed) collectors only. Data from IEA SHC.
Total capacity rankings are estimated to remain unchanged for year-end 2015.

5 Not including heat pumps.

Note: Most rankings are based on absolute amounts of investment, power generation capacity or output, or biofuels production; if done on a per capita, national GDP or other basis, the

rankings would be different for many categories (as seen with per capita rankings for renewable power, solar PV, wind power and solar water collector capacity).
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MARKET AND INDUSTRY TRENDS

BIOMASS ENERGY:

Continued growth but challenges remain

Bioenergy production continued to increase in 2015, helping to
meet rising energy demand in some countries and contributing
to environmental objectives. However, the sector also faced a
number of challenges, in particular from low oil prices and policy
uncertainty in some markets.

Bio-heat production for buildings and industrial uses grew slowly
in 2015, with modern uses of bio-heat rising by approximately 3%
from 2014 levels. There has been marked growth in the use of
biomass for district heating in the Baltic and Eastern European
regions. The use of bio-power has increased more quickly -
averaging some 8% annually - with rapid growth in generation
notable in China, Japan, Germany and the United Kingdom.

Ethanol production increased by 4% globally, with record
production levels in the United States and Brazil. Global
production of biodiesel fell slightly due to constrained production
in some Asian markets, although growth continued in the
major producing countries (the United States and Brazil). Blend
mandates sheltered demand for biofuels from falling fossil
fuels prices, but uncertainty about future markets constrained
investment in new production capacity during the year.

2015 saw continuing progress in the commercialisation and
development of advanced biofuels, with expansion in the capacity
and production of fuels by both thermal and biological routes.

GEOTHERMAL POWER AND HEAT:

Steady growth hampered by low fossil fuel
prices and high development risk

About 315 MW of new geothermal power capacity came online
in 2015, bringing the global total to 13.2 GW. Geothermal power
generated an estimated 75 terawatt-hours (TWh) during the
year. Low fossil fuel prices, coupled with perpetually high
project development risk, created unfavourable conditions for
geothermal power. Turkey led the market, commanding about
half of new global capacity additions.

Geothermal direct use amounted to an estimated 272 petajoules
(75 TWh) of heatenergy in 2015. An estimated 1.2 GWy, was added
in 2015 for a total capacity of 21.7 GW;y,. The average annualised
growth rate in direct use geothermal heat consumption has been
a little over 3% in recent years.

P~ HYDROPOWER:

Industry responds to climate risk and rising
shares of variable renewables

Approximately 28 GW of new hydropower capacity (excluding
pumped storage) was commissioned in 2015, increasing total
global capacity to about 1,064 GW. It is estimated that global
generation rose to about 3,940 TWh. Persistent droughts
continued to adversely affect hydropower output in many
regions, including the Americas and Southeast Asia. China's
domestic market continued to contract, but the country
retained the global lead by a wide margin, with 16 GW
added. Significant capacity also was added in Brazil, Turkey,
India, Vietnam, Malaysia, Canada, Colombia and Lao PDR.

Climate risk and growing shares of variable renewable power
are driving further adaptation in the hydropower industry.
Modernisation, retrofits and expansion of existing facilities
continued in many markets to improve efficiency, flexibility
and system resilience. Responses to rising shares of variable
renewables have included an increased emphasis on pumped
storage and co-implementation of hydropower with solar and
wind power.

P9y OCEAN ENERGY:
~

Development continues in wave and tidal
current technologies

Ocean energy capacity, mostly tidal power, remained at about
530 megawatts (MW) in 2015. The year presented a mixture
of tail- and headwinds for the ocean energy industry. A
number of companies continued to successfully advance their
technologies and to deploy new or improved devices, mostly
in European waters. However, at least one company had to
declare bankruptcy, and the industry as a whole continued to
face a constrained financial landscape beyond public funding.
As in most years, ocean energy technology deployments in 2015
were predominantly demonstration projects, with most activity
concentrated in tidal energy technologies, followed by wave
energy conversion devices.



SOLAR PV:

Record deployment and rapid expansion into
new markets

The solar PV market was up 25% over 2014 to a record 50 GW,
lifting the global total to 227 GW. The annual market in 2015
was nearly 10 times the world's cumulative solar PV capacity
of a decade earlier. China, Japan and the United States again
accounted for the majority of capacity added, but emerging
markets on all continents contributed significantly to global
growth, driven largely by the increasing cost-competitiveness of
solar PV.

An estimated 22 countries had enough capacity at end-2015 to
meet more than 1% of their electricity demand, with far higher
shares in some countries (e.g., Italy 7.8%, Greece 6.5% and
Germany 6.4%). China achieved 100% electrification, in part
because of significant off-grid solar PV installed since 2012;
on-grid, however, curtailment of solar generation started to
become a serious challenge for China's solar PV sector.

The industry recovery of recent years strengthened further due
to the rise of new markets and strong global demand, and most
top-tier companies were back on their feet in 2015. Record-low
bids for large-scale solar PV projects were seen in tenders from
Latin America to the Middle East to India. Distributed rooftop
solar PV remains more expensive than large-scale projects but
has followed similar price trajectories and is competitive with
retail prices in many locations.

CONCENTRATING SOLAR THERMAL POWER (CSP):

Marked shift to developing regions, increasing
importance of thermal energy storage

Morocco (160 MW), South Africa (150 MW) and the United
States (110 MW) all brought new CSP facilities online in 2015,
raising total global capacity by about 10% to nearly 4.8 GW.
The new facilities represent a mix of parabolic trough and tower
technologies, and all incorporate thermal energy storage (TES).
By year's end, additional CSP capacity was under construction
in Morocco (350 MW), South Africa (200 MW), Israel (121 MW),
Chile (110 MW), Saudi Arabia (100 MW), China (50 MW) and India
(25 MW), reflecting a shift from traditional markets (Spain and
the United States) to developing regions with high direct normal
insolation levels.

Industrial capacity continued to expand in developing regions,
supported in part by local content requirements associated with
CSP procurement programmes. Large facilities (greater than 100
MW) are increasingly the norm, as is the incorporation of TES
and dry cooling technologies. CSP bid prices in national tenders
continued to decline, most notably in South Africa and Morocco.
Cost reduction and increased thermal efficiency were key areas
of focus in several research and development (R&D) programmes
around the world.

REN21

SOLAR THERMAL HEATING AND COOLING:
Continued slowdown in China and Europe, but
increased deployment of large-scale projects

Global capacity of glazed and unglazed solar thermal collectors
rose by more than 6% in 2015, despite a market slowdown due
primarily to the continued contraction of markets in China and
Europe. China accounted for about 77% of newly installed solar
water heater capacity, followed by Turkey, Brazil, India and the
United States. Cumulative capacity of water collectors reached
an estimated 435 GWy, by year's end (with air collectors adding
another 1.6 GWyy,), enough capacity to provide approximately
357 TWh of heat annually.

Market development varied widely from country to country.
Denmark, Israel, Mexico, Poland and Turkey reported significant
growth. By contrast, low oil and gas prices in Europe and the
ongoing slowdown in housing construction in China dampened
these markets. Even so, several European solar thermal
manufacturers managed to increase their sales by developing
new business models, offering heat supply contracts or energy
service company (ESCO) contracts, or offering extended finance
periods.

2015 saw increasing interest in and deployment of large-scale solar
thermal systems in district heating networks and for industrial
use. Large investments signalled a new era with the start of the
construction of a 1 GWjy, solar process heat plant in Oman.

WIND POWER:
Largest source of new renewable power capacity;
growing role in meeting electricity demand

Wind power was the leading source of new power generating
capacity in Europe and the United States in 2015, and the second
largest in China. Globally, a record 63 GW was added for a total
of about 433 GW. Non-OECD countries were responsible for the
majority of installations, led by China, and new markets emerged
across Africa, Asia and Latin America. Corporations and other
private entities continued turning to wind energy for reliable and
low-cost power, while many large investors were drawn by its
stable returns.

The offshore sector had a strong year with an estimated 3.4 GW con-
nected to grids, mostly in Europe, for a world total exceeding 12 GW.

Wind power is playing a major role in meeting electricity demand
in an increasing number of countries, including Denmark (42% of
demand in 2015), Germany (more than 60% in four states) and
Uruguay (15.5%).

The industry had another strong year, and most top turbine
manufacturers broke their own annual installation records.
To meet rising demand, new factories opened or were under
construction around the world. Challenges included lack of
transmission infrastructure and curtailment of wind generation
(particularly in China).
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DISTRIBUTED RENEWABLE
—L" ENERGY FOR ENERGY ACCESS

Positive market trends, innovative business models,
increased investment

Approximately 1.2 billion people (constituting 177% of the global
population) live without electricity, with the vast majority in
the Asia-Pacific region and sub-Saharan Africa. Distributed
renewable energy (DRE) systems continue to play an increasing
role in providing energy services to these populations.

Advances in technology, increased awareness of deforestation
and enhanced government support enabled the expansion of
DRE in the cooking and heating sector in 2015. By year's end,
approximately 28 million households worldwide were using clean
cook stoves.

DRE solar PV markets also continued to flourish. Roughly 44
million off-grid pico-solar products had been sold globally by
mid-2015, representing an annual market of USD 300 million.
About 70 countries worldwide either had some off-grid solar PV
capacity installed or had programmes in place to support off-
grid solar PV applications by the end of 2015. In addition, several
thousand renewables-based mini-grids were in operation,
with primary markets in Bangladesh, Cambodia, China, India,
Morocco and Mali.

The year saw positive market trends and increased investment.
Innovative business models also continued to mature, with

expanding use of mobile payment systems and scratch cards,
the "Powerhive” business model, pay-as-you-go micro-payment
schemes and integrated service providers with products that
range from simple solar lamps with radios and mobile phones, to
aspirational items like televisions.

DRE deployment in 2015 was supported by a variety of policy
types, such as auctions, dedicated electrification targets and
initiatives related to clean renewable cooking. Fiscal and other
incentives that focus on specific renewable energy technologies,
such as exemptions on value-added tax (VAT) and import duties,
also were in use to support DRE deployment.

Dozens of international actors, including at least 30 programmes
and approximately 20 global networks, also were involved in
deploying DRE in 2015, Many international programmes focus
specifically on improving energy access with renewables, in
Africa and elsewhere.



INVESTMENT FLOWS

A new record high; developing and emerging
countries lead

Global new investment in renewable power and fuels climbed
to a record USD 285.9 billion in 2015 (not including hydropower
projects >50 MW). This represents a rise of 5% compared to 2014
and exceeds the previous record (USD 278.5 billion) achieved in
2071, Including investments in hydropower projects larger than 50
MW, total new investment during 2015 in renewable power and
fuels (not including renewable heating and cooling) was at least
USD 328.9 billion.

In 2015, global investment in new renewable power capacity, at
USD 265.8 billion", was more than double the USD 130 billion
allocated to new coal- and natural gas-fired power generation
capacity. This difference in favour of renewables is the largest
witnessed to date. If hydropower projects larger than 50 MW
are considered, the spread between renewables and fossil fuel
investment in new power capacity is even greater.

For the first time in history, total investment in renewable power
and fuels in developing countries in 2015 exceeded that in
developed economies. The developing world, including China,
India and Brazil, committed a total of USD 156 billion (up 19%
compared to 2014). China played a dominant role, increasing its
investment by 17% to USD 102.9 billion, accounting for 36% of
the global total. Renewable energy investment also increased
significantly in India, South Africa, Mexico and Chile. Other
developing countries investing more than USD 500 million in
renewables in 2015 included Morocco, Uruguay, the Philippines,
Pakistan and Honduras.

By contrast, renewable energy investment in developed countries
as a group declined by 8% in 2015, to USD 130 billion. The most
significant decrease was seen in Europe (down 21% to USD 48.8
billion), despite the region’s record year of financing for offshore
wind power (USD 17 billion, up 1% from 2014). In the United
States, renewable energy investment (dominated largely by solar
power) increased by 19% to USD 441 billion, the country’s largest
increase in dollar terms since 2011.

Investment in renewable energy has been weighted increasingly
towards wind and solar power. Solar power was again the
leading sector by far in terms of money committed during 2015,
accounting for USD 161 billion (up 12% over 2014), or more than
56% of total new investment in renewable power and fuels.
Wind power followed with USD 109.6 billion, or 38.3% of the
total (up 4%). All technologies except solar and wind power
saw investment decline relative to 2014: investment in biomass
and waste-to-energy fell by 42% to USD 6 billion, small-scale
hydropower fell by 29% to USD 3.9 billion, biofuels fell by 35% to
USD 3.1 billion, geothermal energy fell by 23% to USD 2 billion,
and ocean energy fell by 42% to USD 215 million.

REN21

ENERGY EFFICIENCY

Increased awareness, investment, policies and
targets

Emphasis on activities to improve energy efficiency in all sectors
increased during 2015 at all levels of government, as well as in
the private sector. There is growing recognition worldwide that
energy efficiency can play a key role in reducing energy-related
emissions and that it can provide multiple economy-wide benefits
- such as enhanced energy security, reduced fuel poverty and
improved public health.

By the end of 2015, at least 146 countries had enacted some
kind of energy efficiency policy, and at least 128 countries had
one or more energy efficiency targets (not considering INDCs).
Some policies attempt to harness the synergy between energy
efficiency and renewable energy, as efficiency measures have the
potential to enable a more rapid increase in renewable energy's
share of global energy consumption.

Driven by structural changes and energy efficiency improvements
among other factors, global primary energy intensity declined
between 1990 and 2014 at an average annual rate of 1.5%, falling
by more than 30% overall during this period. However, the global
economy has expanded even more, and energy demand has
risen steadily.

In the transport and industrial sectors, global energy intensity
has declined over the past few decades. In the buildings sector,
the relatively small but growing market for more-efficient building
envelopes and materials is resulting in improved building energy
performance, particularly in developed countries. Total energy
demand for a number of appliance and equipment categories
(e.g, computers, fans, motors) continues to rise, despite
improvements in efficiency, due largely to a rapid increase in the
use of electricity-consuming products.

Energy efficiency improvements reflect, in part, increasing
investments. In 2013, global investment in energy efficiency
totalled an estimated USD 130 billion, including the end-
user categories of buildings, transport and industry as well
as associated costs such as labour and taxes (but not fuel
switching). In September 2015, 70 financial institutions from
more than 20 countries - including national, regional and global
banks - committed to increasing financing for energy efficiency
investments.

Advancements also reflect increased use of support policies
and programmes. A growing number of countries is setting
energy efficiency targets and defining roadmaps; adopting new
policies and updating existing legislation to advance energy
efficiency; and expanding the coverage of standards and labelling
programmes, with developing and emerging countries playing an
increasing role in these trends. Several developed countries also
have introduced new financial incentives to channel additional
funding towards energy efficiency measures.

i Investment data do not include hydropower projects >50 MW, except where specified.

i This number is for renewable power asset finance and small-scale projects. It differs from the overall total for renewable energy investment (USD 285.9
billion) provided elsewhere in the report because it excludes biofuels and some types of non-capacity investment, such as equity-raising on public markets
and development R&D. In addition, it does not include investment in hydropower projects >50 MW.
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Community energy for energy access and transportation

O On the remote island of Fetlar, obtaining access to energy and fuel for transportation has been an
@/ ongoing challenge. Eager to reduce the costs of transporting and using imported fuel, residents brought
O—0O the community-owned electric Fetlar Minibus to their island as a dial-a-ride service and installed three

charging points. Since January 2016, two 25 kW wind turbines have been powering the minibus and
providing power and heat to the local school and nursery.

Fetlar, Shetland Isles, United Kingdom | Created: 2013 | Members: 40-50
50 kW wind power capacity and charging stations for an electric minibus
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GLOBAL OVERVIEW

The year 2015 was an extraordinary one for renewable energy,
with the largest global capacity additions seen to date, although
challenges remain, particularly beyond the power sector. The year
saw several developments that all have a bearing on renewable
energy, including a dramatic decline in global fossil fuel prices;
a series of announcements regarding the lowest-ever prices for
renewable power long-term contracts; a significant increase in
attention to energy storage; and a historic climate agreement in
Paris that brought together the global community.’

Renewables now are established around the world as mainstream
sources of energy.? Rapid growth, particularly in the power sec-
tor, is driven by several factors including the improving cost-com-
petitiveness of renewable technologies, dedicated policy initiatives,
better access to financing, concerns about energy security and
the environment, growing demand for energy in developing and
emerging economies, and the need for access to modern energy.®

The year 2015 was one of firsts as well as of high-profile agree-
ments and announcements related to renewable energy,

including:

In their Declaration on Climate Change, the G7 countries com-
mitted to strive "for a transformation of the energy sectors by
2050" and to "accelerate access to renewable energy in Africa
and developing countries in other regions.”

Renewables were on the G20 agenda for the first-ever G20
Energy Ministers meeting, where the high-level participants
affirmed their commitment to renewable energy and energy
efficiency.® The Ministers endorsed an 11-point Communiqué
that included the adoption of a toolkit for a long-term sustain-
able and integrated approach to renewable energy deploy-
ment; the Communiqué was adopted by the full G20 summit in
November.® Participants also agreed on a G20 Energy Access
Action Plan for sub-Saharan Africa that highlights the huge
renewable energy resources in the region and the importance
of improving energy efficiency.”

The United Nations (UN) General Assembly adopted 17
Sustainable Development Goals (SDGs) containing, for the
first time, a dedicated goal on sustainable energy for allii? This
achievement was due in great part to the Sustainable Energy

for All (SE4All) initiativeli, which played a strong role in the
SDG debate. Throughout 2015, SE4AIl continued its work to
further global efforts to increase energy access and to imple-
ment the new SDG, working with numerous countries to
develop pathways to promote its goals.®

Twenty-five worldwide business networks representing more
than 6.5 million companies from over 130 countries pledged
in May to lead the global transition to a low-carbon, climate-
resilient economy.® Late in the year, 409 investors represent-
ing more than USD 24 trillion in assets called on governments
to provide stable, reliable and economically meaningful carbon
pricing, to strengthen regulatory support for renewables and
energy efficiency, and to develop plans to phase out fossil fuel
subsidies."

A series of religious declarations released throughout the
year - including the Pope's environmental encyclical, Laudato
Si', as well as the Islamic, Hindu and Buddhist declarations on
climate change - called on billions of people of faith to address
climate change and to commit to a zero- or low-carbon future
through renewable energy.”?

The year's events culminated in December at the UN Climate
Change Conference (COP21v) in Paris, where 195 countries
agreed to limit global warming to well below 2 degrees Celsius
and a majority of countries committed to scaling up renew-
ables and energy efficiency through their Intended Nationally
Determined Contributions (INDCs).® (- See Sidebar 4 in Policy
Landscape chapter) Although far more is needed to avoid the
worst potential effects of climate change, there was a clear com-
mitment from the global community to address the challenge,
and many experts emerged with a sense that there is a strong
international consensus to transition away from fossil fuels."

Notable commitments included a US-China Joint Presidential
Statement on Climate Change highlighting new domestic policy
commitments involving renewables and energy efficiency, and
a common vision for an ambitious global climate agreement
in Paris® The European Union (EU) committed to a binding
regional target of at least 40% domestic reduction of greenhouse
gas emissions by 2030 (from a 1990 baseline), complemented

i The UN-supported Group of 20 includes the world's 20 leading economies (19 individual countries plus the EU), which together account for more than 75%
of global trade. The G20 was formed in 1999 to study, review and promote high-level discussion on policy issues relating to international financial stability.

ii SDG 7: "Ensure access to affordable, reliable, sustainable and modern energy for all” by 2030. This SDG (7.2) calls for increasing substantially the share
of renewable energy in the energy mix and for doubling the global rate of improvement in energy efficiency. See http://sdgcompass.org/sdgs/sdg-7/.

iii SE4All aims to double the share of renewable energy in the global energy mix from a baseline share of 18% in 2010 to 36% in 2030. SE4AIl, “Tracking

Progress,” http://www.se4all.org/tracking-progress/.

iv The 21st annual session of the Conference of the Parties (COP) to the UN Framework Convention on Climate Change (UNFCCC).
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by renewable energy and energy efficiency targets’® The
International Solar Alliance was launched by the presidents of
France and India to unite more than 120 sun-drenched countries
to accelerate solar energy deployment in order to enhance energy
security and sustainable development, improve access to energy
and advance living standards.”In parallel, precedent-setting,
ambitious commitments to renewable energy were made at the
regional, state and local levels in the lead-up to and during COP21
in Paris.'® Heads of state of African nations launched the African
Renewable Energy Initiative with the goal of achieving by 2030 as
much as 300 gigawatts (GW) of renewable capacity (about twice
the continent's total power capacity at end-2015).® The leaders
of the Climate Vulnerable Forum, a broad global coalition of 30
nations (middle-income and least-developed nations, and small-
island developing states), called for 100% renewable energy by
2050 in the Manila-Paris Declaration.®

The growing global movement for 100% renewables - driven
by the imperative of addressing climate change, and the pursuit
of local economic development and community-owned energy
- also gained momentum from the Paris City Hall Declaration,
which calls for 100% renewable energy or 80% reductions in
greenhouse gas emissions by 2050. Nearly 1,000 city mayors
from five continents signed the Declaration.?' Cities around the
world have become important change makers in the renewable
energy and climate arena, acting independently and collectively
to share knowledge and achieve their goals.?? (= See Policy
Landscape chapter,)

The private sector also strengthened its commitments to renew-
able energy in 2015.2° As of December, 2,025 companies had
publicly pledged to reduce their carbon emissions, many through
the use of renewable energy and energy efficiency; this group

includes 154 US companies, with nearly 11 million employees,
that have committed to purchasing 100% renewable energy.? By
year's end, more than 50 of the world's largest companies were
participating in RE100, a global business initiative in which com-
panies commit to getting 100% of their electricity from renewable
sources.?® Many companies are moving beyond the motivation
of social responsibility to the view that renewables make good
business sense.®

Although most of the initiatives announced in Paris and elsewhere
did not start to affect renewable energy markets in 2015, there
were already signs that a global energy transition is under way.?’
By some accounts, the annual growth in global carbon dioxide
(COz2) emissions stalled during 2014 and 2015, even as the global
economy grew, due to industrial restructuring, improvements in
energy efficiency and increased global deployment of renewable
energy.?® Further, per capita greenhouse gas emissions appear
to be falling in 11 of the G20 economies, marking a possible shift
in global trends.?® Nonetheless, atmospheric concentrations of
greenhouse gases continue to rise, due largely to increasing use
of fossil fuels, and annual emissions are expected to continue
climbing for some time in the developing world.®

As of 2014, renewable energy provided an estimated 19.2% of
global final energy consumption. Of this total share, traditional
biomass, used primarily for cooking and heating in remote and
rural areas of developing countries, accounted for about 8.9%, and
modern renewables (not including traditional biomass) increased
their share slightly over 2013 to approximately 10.3%.°" (- See
Figure 1) In 2014, hydropower accounted for an estimated 3.9% of
final energy consumption, other renewable power sources com-
prised 1.4%, renewable heat energy accounted for approximately
4.2% and transport biofuels provided about 0.8%.%?Although the
use of renewable energy is rising rapidly, the share of renewables

Figure 1. Estimated Renewable Energy Share of Global Final Energy Consumption, 2014
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in total final energy consumption is not growing as quickly. In
developed countries, energy demand growth is slow, and dis-
placing the large stock of existing infrastructure and fuels takes
time. In developing countries, energy demand growth is rapid,
and fossil fuels play a significant part in meeting this rising
demand. In addition, the shift away from traditional biomass for
heating and cooking to modern, more-efficient renewables and
fossil fuels, while in general a very positive transition, reduces
overall renewable energy shares.®® These “two worlds"” into which
modern renewables are making inroads present different political
and policy challenges, economic structures, financial needs and
availability, and other factors that delay or advance renewable
energy deployment.3

Government policy continued to play an important role in renew-
able energy developments. The number of countries with renew-
able energy targets and support policies increased again in
2015, and several jurisdictions made their existing targets more
ambitious. (= See Policy Landscape chapter) However, in some
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markets, policy changes and uncertainties (such as unexpected
or retroactive changes, new taxes on renewable generators and
uncertainties around the US federal Production Tax Credit for
most of the year) undermined investor confidence and held up
investment and deployment.®® Despite the important contribu-
tion of the heating and transport sectors to energy demand and
global emissions - together these sectors account for about
two-thirds of final energy consumption and more than half of
global greenhouse gas emissions - policy makers have focused
predominantly on the power sector, a trend that has helped to
shape the current landscape.®®

Even in the face of ongoing fossil fuel subsidies and tumbling
prices in 2015, renewable energy continued its rapid growth in
both capacity added and energy produced. The power sector
experienced the greatest increases in capacity, whereas growth
of renewables in the heating and cooling and transport sectors
was comparatively slow.*” Solar photovoltaics (PV) and wind
were the most dynamic markets, and hydropower continued to
provide the majority of renewable power capacity and genera-
tion. Bioenergy remained the leader by far in the heat (buildings
and industry) and transport sectors.*®

Growth rates for various renewable energy technologies reflect a
number of factors, including falling renewable energy technology
costs and increasing competition for policy support and invest-
ment among different renewable technologies.*® Low fossil fuel
prices also affected growth rates, causing turbulence in some
markets, particularly for renewable heating and cooling; biofuels
were sheltered in many locations where mandates exist, although
the low oil prices affected the appetite for new investment.“°
(= See Figure 2 and Reference Table R1.)

Figure 2. Average Annual Growth Rates of Renewable Energy Capacity and Biofuels Production,

End-2010 to End-2015
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Source:

See endnote 40

for this chapter.
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Global oil prices plummeted more than 70% between June 2014
and January 2016, due to oversupply and slowdown in economic
growth in China and Europe.* Coal and natural gas prices were
down as well.# While these trends affected markets for some
renewables, they also highlighted the improving cost-competi-
tiveness of solar and wind power.*® Further, these trends rein-
forced concerns about the volatility of fossil fuel prices.*

The dramatic rise in global coal consumption that occurred over
the past decade, due largely to China, appears to be slowing
somewhat.** China's government announced plans to close more
mines and to reduce coal's share of the energy mix in 2016, due
in part to a virtual flat-lining in electricity demand; however, some
countries - particularly in Asia - still have big plans for coal.*6 Other
countries and regions have introduced regulations that could con-
strain coal use (e.g, the US Clean Power Plan), have announced
plans to phase it out (including Austria, Finland, Portugal and the
United Kingdom) or have already achieved phase-out targets (e.g.,
Ontario, Canada and Scotland).”” In 2015, the United States (the
world's second largest coal consumer after China) saw the accel-
eration of a downward trend in coal consumption.*®

Low oil prices facilitated reductions in subsidies, but globally
fossil fuel subsidies remained substantial - estimated at over
USD 490 billion' (compared with USD 135 billion for renewables)
in 2014 - and continued to temper renewable energy growth.*°
Other challenges faced by renewables in 2015 included the
integration of rising shares of renewable generation, policy and
political instability, regulatory barriers and fiscal constraints.®
(= See, for example, Sidebar 1.) In Europe, markets have slowed
due in part to relatively high penetrations of renewables and to
challenges related to their integration, but also to the ongoing
shift in support policies that began during the financial crisis.”
Elsewhere, national energy monopolies lack awareness of renew-
ables or demonstrate resistance to their adoption, and in many
economies concerns remain about how to integrate variable
renewable generation.®? In addition, in many developing coun-
tries, policy and political instability combined with corruption
have made it difficult to access financing (particularly for energy
access projects), which slows advances despite extensive renew-
able resources and positive technology developments.>*Even so,
markets continued their geographic spread, further establishing
renewable energy as a mainstream energy source worldwide.>
Although Europe remained an important regional market and a
centre for innovation, activity continued to shift towards other
regions. China again led the world in new renewable power
capacity installations.®® Many other countries - including Brazil,
Chile, India, Mexico, Morocco and South Africa - accelerated
their efforts in 2015, and the number of developing countries
across Asia, Africa and Latin America that were manufacturing
and deploying renewable technologies continued to expand.®®

Employment and investment during 2015 followed the market
expansion into new countries. The number of jobs in renewable
energy rose again during 2015, reaching an estimated 8.1 direct
and indirect jobs worldwide, plus an estimated 1.3 million direct

jobs associated with large-scale hydropower.*” (- See Sidebar 2.)

Global investment climbed to a new record level. This occurred
in spite of the plunge in fossil fuel prices, the strength of the
US dollar (which reduced the dollar value of non-dollar invest-
ments), the continued weakness of the European economy and
further declines in per unit costs of wind power and solar PV.%®
For the sixth consecutive year, renewables outpaced fossil fuels
for net investment in power capacity additions.*® However, the
increase in investment was due entirely to increases in solar
and wind power; investment in all other renewable power tech-
nologies, as well as biofuels, declined relative to 2014.5°

Private investors stepped up their commitments to renewable
energy significantly during 2015, and an increasing number of
investors opted to divest from fossil fuels.®” Some in the finan-
cial community backed away from coal due to its perceived high
risk, and focused on clean energy.? The year witnessed both an
increase in the number of large banks active in the renewables
sector and an increase in loan size, with major new commitments
from international investment firms to renewables and energy
efficiency.®®

New investment vehicles - including green bonds, crowdfunding
and vyieldcos - expanded during the year. Although their levels
remained relatively small, green bonds supporting renewable
energy (as well as energy efficiency) grew many-fold from 2012 to
2015 and have helped to address a major challenge for renewable
energy financing: lack of liquidity.5* Funding for emerging markets
increased with the creation of innovative financial instruments for
the African market and with the increase in financing of companies
selling distributed energy products in Africa and India.?® (= See
Distributed Renewable Energy chapter,) Mainstream financing and
securitisation structures also continued to move into developing
country markets as companies (particularly solar PV) and inves-
tors sought higher yield, even at the expense of higher risk.%

For the first time, developing countries, including China, were
ahead of developed countries for total investment in renewable
energy. Several developing countries saw substantial increases,
due at least in part to rapidly expanding markets driven by falling
solar and wind power technology costs, whereas developed
countries as a group saw an 8% decline in investment. China
alone accounted for more than one-third of the global totaland
was the first country to break the USD 100 billion threshold.” By
dollars spent, the leading countries for investment were China,
the United States, Japan, the United Kingdom, India, Germany,
Brazil, South Africa, Mexico and Chile.®® Considering investments
made in new renewable power and fuels relative to annual GDP,
top countries included Mauritania, Honduras, Uruguay, Morocco
and Jamaica.’® Among the leading countries for investment per
inhabitant were Iceland, the United Kingdom, Uruguay, Japan
and Ireland.”® (= See Investment Flows chapter.)

In parallel with growth in renewable energy markets and
investments, 2015 saw continued advances in renewable energy
technologies, including improvements in materials and efficiency

i International Energy Agency (IEA) estimates include subsidies to fossil fuels consumed by end-users and subsidies to consumption of electricity
generated by fossil fuels. IEA, World Energy Outlook 2015 (Paris: 2015), p. 96, http://www.worldenergyoutlook.org/weo2015/.

i Note that this estimate does not include investment in hydropower projects >50 MW, which ranked third, behind solar and wind power, for total investment
in 2015. See Frankfurt School-UNEP Collaborating Centre for Climate & Sustainable Energy Finance and Bloomberg New Energy Finance (BNEF),
Global Trends in Renewable Energy Investment 2016 (Frankfurt: March 2016), http://fs-unep-centre.org/publications/global-trends-renewable-energy-
investment-2016. China was responsible for a large share of new large-scale hydropower capacity in 2015. (= See Hydropower section.)
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Sidebar 1. Regional Spotlight: South East Europe, Caucasus, Russian Federation and Central Asia

Over the past decade, 17 countries in South East and Eastern
Europe, the Caucasus, and Central Asia, as well as the Russian
Federation - totalling over 300 million inhabitants — have started to
leverage their considerable renewable energy potentials. Policies in
most, but not all, of these countries have been driven by concerns
about energy security and access to reliable, affordable, sustain-
able and modern energy. Moreover, numerous initiatives have been
launched to promote energy efficiency improvements'., It is worth
noting, however, that renewable energy and efficiency initiatives in
many of these countries were hampered by the impacts of the 2009
financial crisis on energy consumption and investments.

The economy-wide share of renewable energy used in these
countries differs widely, ranging from 0% in Turkmenistan to 58%
in Tajikistan (both based on 2012 data), with most countries in
the 1-20% range. Where the shares are relatively high, this is due
almost entirely to use of hydropower and/or biomass, with tradi-
tional use of biomass (for heating) still playing a significant role in
several countries. In the power sector, Albania, Kyrgyzstan and
Tajikistan rely almost exclusively on hydropower, whereas Georgia
and Montenegro generate more than half of their electricity with
hydropower. The Russian Federation produces more electricity
from hydropower than any other country in the region, but hydro-
power's share of total generation is lower than that in some other
countries due to the scale of the Russian Federation's total output.

Deployment of other renewable energy technologies for power
generation in the region is nascent, with significant capacity only
in Ukraine (mostly solar PV and onshore wind). However, sizable
solar PV and onshore wind potential exists throughout the region,
and large biomass resources exist in South East Europe, Eastern
Europe and the Russian Federation. The potential for CSP and
geothermal power (using high-temperature resources) is limited
to a few areas, primarily in the Russian Federation.

The penetration of modern renewable technologies for heat-
ing and cooling is modest. While solar water heating could be
deployed economically in all 17 countries, installations exist in
only a few. The potential for biomass-based heat also is con-
siderable, particularly through existing district heating networks.
Despite the existence of biofuels targets (for heat and transport)
in several countries, liquid biofuel production capacity currently
is found only in Belarus (biodiesel), the former Yugoslav Republic
of Macedonia (biodiesel) and Ukraine (ethanol).

On the policy front, some progress has been made in support of
renewable energy and energy efficiency. For example, all coun-
tries but Turkmenistan have strategies outlining their priorities in
at least one renewable energy technology, and all but Georgia
and Turkmenistan have adopted renewable energy targets.

Most support policies in the region exist in the power sector,
where feed-in tariffs are the most commonly used (in 12 coun-
tries), followed by tendering. Utility obligations and net metering
have been adopted in four countries each. Montenegro is the only
country among the 17 that has policies to support renewable heat-
ing and cooling. Although most renewable energy support policies

in the region have been enacted at the national level, an increasing
number of city and local governments are promoting renewable
energy.

All 17 countries except Turkmenistan also have enacted regulatory
policies to advance energy efficiency - most commonly in the build-
ing sector (including lighting and appliances), followed by transport
and industry — and most have established efficiency targets. All but
four countries have national energy efficiency awareness campaigns.

Despite these efforts, the 17 countries continue to represent only
a small share - just 0.5% (USD 0.9 billion) in 2014 - of the world's
total investment in renewable power capacity (not including
hydropower >50 MW) and fuels. Investment in the region saw
some positive developments during 2008-2011, driven by growth
in Eastern Europe, followed by decline in 2013 and 2014. Numbers
and trends might be quite different when large-scale hydropower
(>50 MW) is included, but good data are not available.

From a global perspective, non-hydro renewable energy develop-
ments in the region remain marginal. Despite the great diversity
in population size and economic, social and political character-
istics, the energy systems of these countries all were developed
in a similar manner, and renewables and energy efficiency face
some common challenges across the region. These include
considerable regulatory and investment barriers, as well as lack
of awareness about renewable energy and energy efficiency. In
many cases, legal frameworks are not considered stable and
transparent enough to trigger large-scale private investment,
Further, market entry remains challenging in countries that have
not fully liberalised their energy markets. Large subsidies for fossil
fuels and their abundance in some countries in the region con-
tinue to put renewable energy and energy efficiency projects at
an economic disadvantage. Furthermore, entrenched interests in
conventional energy resources in many countries represent a sig-
nificant barrier to effective legislation and policy implementation.

Renewables and efficiency have advanced slowly in most of these
countries over the past decade, and there is significant room for
improvement. Across the region, policy implementation at all lev-
els is hampered by the complexities of enforcing and monitoring
the actions set out in supporting legislation, and local regulations
often lack transparency and are unstable and inconsistent. The
lack or incompleteness of statistical data on final energy produc-
tion and use impedes the implementation of more-precise moni-
toring measures, as well as new investment in the region. In this
regard, a critical look by legislators at the existing legal frameworks
is necessary, in order to investigate if these structures create the
stable investment conditions required by private investors.

Additional investment is required to enable the region to fully
realise its renewable potential, particularly for efficient and sus-
tainable heating, and for upgrades to ageing energy infrastruc-
ture. The need to replace ageing infrastructure also presents an
opportunity to better integrate renewable energy and improve
energy efficiency across the region’s economies.

Source: See endnote 50 for this chapter.

i Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Georgia, Kazakhstan, Kyrgyzstan, Moldova, Montenegro, the Russian Federation, Serbia,
Tajikistan, the former Yugoslav Republic of Macedonia, Turkmenistan, Ukraine and Uzbekistan.

ii The key messages of this sidebar are derived from REN21, UNECE Renewable Energy Status Report (Paris: December 2015), http://www.ren21.net/
regional. Helpful illustrations of the content of this sidebar can be found in Figures 2, 5 and 13 and in Table 9.
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of solar cells and modules, floating wind turbines, large-scale
solar thermal district heating and cooling, and progress in
pyrolysis and gasification of biomass. Ongoing energy efficiency
advances, such as more-efficient lighting systems, are reducing
the cost of providing energy services with renewable energy,
whether on-grid or off-grid”" (= See Distributed Renewable
Energy and Energy Efficiency chapters.)

The year also brought advances in enabling technologies,
such as hardware and software to support the integration of
renewable energy. These included management systems that
aim to optimise performance and energy storage’? The past
few years have brought significant progress in the development
and commercialisation of energy storage, driven largely by the
growth in electric vehicle (EV) markets and in renewables (mainly
solar and wind power). Development continued during 2015 in
areas such as thermal storage for heating and refrigeration,
and particularly for concentrating solar thermal power (CSP);
conversion of electricity to heat or gas; compressed air; and
batteries for EV propulsion and electricity storage.”™

Batteries - including lithium-ion, graphene polymer and redox
flow batteries - have been the main focus of investor and industry
interest in storage’* Although cost remains a barrier to large-
scale deployment, battery costs fell rapidly during 2010-2014,
and their decline accelerated in 2015. For example, average costs
for EV (lithium-ion) batteries fell 35% between the second half of
2014 and the second half of 2015.7

Modern renewable energy is being used increasingly in power
generation, heating and cooling, and transport. The following
sections discuss 2015 developments and trends in these sectors.
For discussion of off-grid renewables for providing energy access
in developing countries, see the Distributed Renewable Energy
chapter.

POWER SECTOR

Renewable power generating capacity saw its largest annual
increase ever in 2015, with an estimated 147 GW of renewable
capacity added. Total global capacity was up almost 9% over 2014,
to an estimated 1,849 GW at year's end.”® Wind and solar PV both
saw record additions for the second consecutive year, together
making up about 77% of all renewable power capacity added in
201577 Hydropower capacity rose by 2.7% to an estimated 1,064
GW, accounting for approximately 19% of additions.’”® (»See
Reference Table R1.)

The world now adds more renewable power capacity annually
than it adds (net) capacity from all fossil fuels combined.” In 2015,
renewables accounted for an estimated more than 60% of net
additions to global power generating capacity, and for far higher
shares of capacity added in several countries around the world.®°
By year's end, renewables comprised an estimated 28.9% of
the world's power generating capacity - enough to supply an
estimated 23.7% of global electricity, with hydropower providing
about 16.6%.%" (- See Figure 3.)

Technological advances, expansion into new markets with better
resources, and improved financing conditions have reduced
costs, particularly for wind and solar PV.82 (- See Sidebar 3.
Electricity from hydro, geothermal and some biomass power
sources have been broadly competitive with fossil power for
some time; in favourable circumstances (i.e., good resources
and a secure regulatory framework), onshore wind and solar PV
also are cost-competitive with new fossil capacity, even without
accounting for externalities.®® For example, wind power was the
most cost-effective option for new grid-based power in 2015 in
many markets, including Brazil, Canada, Mexico, New Zealand,
South Africa, Turkey, and parts of Australia, China and the United
States.®

Expectations of further improvements were made evident in
power auctions in 2015 and early 2016, with very low tender-
generated prices for wind power in, for example, Egypt, Mexico,
Morocco and Peru, and for solar PV in Chile, India, Mexico, Peru

Figure 3. Estimated Renewable Energy Share of Global Electricity Production, End-2015
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Figure 4. Renewable Power Capacities* in World, EU-28, BRICS and Top Seven Countries, End-2015
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* Not including hydropower (see Reference Table R2 for data including hydropower).

The five BRICS countries are Brazil, the Russian Federation, India, China and South Africa.

and the United Arab Emirates, rivalling new coal-fired capacity capacity additions, and Japan was second only to China for
in these countries.®® However, the economic competitiveness of new solar PV installations.®? Turkey ranked first globally for
renewable technologies still depends on regulatory framework new geothermal power capacity, third for new hydro and
and market design.®® tenth for wind power capacity additions.*® Other countries

in the region - including Malaysia, Pakistan, the Philippines,
the Republic of Korea, Thailand and Vietnam - have emerged
as important markets for more than one renewable power
technology.®*

By the end of 2015, the top countries for total installed renewable
electric capacity continued to be China, the United States,
Brazil, Germany and Canada.#” China was home to more than
one-quarter of the world's renewable power capacity - totalling

approximately 495 GW, including about 296 GW of hydropower.®® Europe: Renewables accounted for the majority (77%) of new
Considering only non-hydro' capacity, the top countries were EU generating capacity for the eighth consecutive year, and
China, the United States and Germany; they were followed by the region continued to decommission more capacity from
Japan, India, Italy and Spain.®® (= See Figure 4 and Reference conventional sources than it installed.®® Between 2000 and
Table R2.) Among the world's top 20 countries for non-hydro 2015, the share of renewables in the EU’s total power capac-
renewable power capacity, those with the highest capacity ity increased from 24% to 44%, and, as of 2015, renewables
amounts per inhabitant were Denmark, Germany, Sweden, Spain were Europe's largest source of electricity.®® In Scotland,
and Portugalii.® renewables met over half of electricity demand, a year ahead

of an established target; throughout the United Kingdom, out-
put from renewables hit a record high, passing coal for the
first time in the fourth quarter of 2015.*” In Germany, renew-

Throughout the year, there were noteworthy developments in
most regions:

Asia: Of all regions, Asia installed the most renewable power
generating capacity during 2015. China again led the world in
additions of hydropower capacity, was a leader in bio-power
capacity and set new world records for wind and solar power
installations, although curtailment affected the potential for
these assets to contribute to generation.®" India also ranked
among the top countries for solar PV, hydro and wind power

able power output increased by 20% in 2015, and the share
of renewables in electricity consumption was 32.6% (up
from 27.4% in 2014).°¢ Even so, markets have slowed in most
European countries due to reduced levels of financial support
and to an increased focus on the integration of variable renew-
able generation.®®

Distinction of non-hydro capacity is made because hydropower remains the largest single component by far of renewable power capacity and output.

i While there are other countries with high per capita amounts of renewable capacity and high shares of renewable electricity, the GSR focuses here on the top

20 countries for total installed capacity of non-hydro renewables. Several other countries, including Austria, Finland, Greece, Ireland and New Zealand, also
have high per capita levels of non-hydro renewable power capacity, with Iceland likely the leader among all countries. (= See Reference Table R17 for country

shares of electricity from renewable sources.)
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North America: In the United States, wind (8.6 GW) and
solar (7.4 GW, solar PV and CSP) were the leading sources of
new power capacity in 2015, exceeding natural gas capacity
additions (about 6 GW)."°® Renewables accounted for nearly
13.7% of electricity generation (up from 13.4% in 2014), despite
a 3.2% drop in hydropower output.® Canada continued to be
a leader in hydropower development and ranked sixth globally
for wind power capacity additions.'%?

Latin America and the Caribbean: Countries across the
region achieved high shares of their electricity generation with
renewables: for example, Costa Rica generated 99% of its
electricity with renewable sources, Uruguay generated 92.8%
and Chile has quickly surpassed several long-term targets.'®
Latin America remained one of the fastest growing markets
for wind energy and solar PV in 2015, albeit from a small base.
Brazil was second globally for new hydropower and fourth
for new wind power capacity (although the country has been
challenged by lack of transmission capacity); Guatemala
brought its first wind power plant online, and Mexico was
one of the few countries worldwide to add geothermal power
capacity in 2015, Several countries - including Chile, Mexico
and Peru - held successful tenders in 2015 and early 2016,
resulting in some of the world's lowest bid prices, due in part
to the region'’s vast renewable energy resources.'®®

Africa: Many countries throughout Africa increased their pol-
icy commitments in the power sector during 2015. All renew-
able power generating technologies except ocean energy are
being deployed across the continent, with significant markets
on-grid as well as off-grid (for solar PV in particular). In 2015,
several countries (including Ethiopia, Guinea and Zambia)
brought new hydropower facilities online.®® Morocco was the
world's largest CSP market, South Africa was the first country
on the continent to achieve 1 GW of solar PV and helped push
the continent's wind power capacity above the 3 GW mark,
and Kenya ranked fourth globally for new geothermal power
capacity.'”” Across Africa, renewable power projects and tech-
nology manufacturing facilities were being planned or were
under construction.’®®

Pacific: Australia led the region in 2015 and was among the top
10 countries for newly installed solar PV, ending the year with
the equivalent of one solar panel per inhabitant.®® Renewables
accounted for about 14.6% of Australia's electricity generation
(up from 13.5% in 2014), despite a significant drop in hydro-
power generation."® Elsewhere in the region, Samoa installed
its first wind farm, and Fiji saw the inauguration of some solar
PV micro-grid projects.™

Middle East: Relatively little renewable power capacity has
been deployed in most countries of the region, but interest
in CSP and solar PV, in particular, is growing rapidly. Irag,
Jordan and the United Arab Emirates all held tenders for
renewable power in 2015. Jordan brought its first utility-scale
wind farm online, Israel led the region for solar PV capacity
additions, and significant steps were taken towards domes-
tic manufacturing of solar technologies in several countries,
including Saudi Arabia."

The rapid growth of renewable power generation created
both challenges and opportunities in 2015. In countries where
electricity consumption is expanding, both renewable energy
and fossil fuel generation are being deployed to meet growing
demand. In countries with slow or negative growth in electricity
consumption (e.g., several OECD countries), renewable energy
is increasingly displacing existing generation and disrupting
traditional energy markets and business models.™ In response
to this competition, some incumbents are pushing back against
supportive renewable power policies or adapting their business
models by restructuring, consolidating or splitting."® Other
utilities and electricity suppliers are repositioning by acquiring
significant renewable energy assets, decreasing their fossil fuel
investments, acquiring other utilities that already have significant
amounts of renewable energy in their generation portfolios and
moving into new markets."®

Around the world, technical, economic and market transformation
of the electric power sector continued to accelerate in 2015,
Several factors are driving a transformation from centralised
systems to more-complex systems that encompass a growing
number of decentralised generating assets™ These factors
include technological advances, social change, policy goals and,
in particular, declining costs and increasing shares of variable
wind and solar PV."® A key challenge is adapting the power grid
to integrate rising shares of renewable generation, developing
more-flexible systems to balance variable resources (on both the
supply and demand sides) while minimising costs.'*

Several jurisdictions - including Denmark, Germany, the state of
South Australia and some US states - already have successfully
integrated high shares of variable renewables.” Throughout
2015, variable renewables achieved high penetration levels in
several countries: for example, wind power met 42% of electricity
demand in Denmark, 23.2% in Portugal and 15.5% in Uruguay;
and solar PV accounted for 7.8% of electricity demand in Italy,
6.5% in Greece and 6.4% in Germany.”?? Electric utilities also have
successfully integrated very large shares over short time periods:
for example, variable renewable generation reached new highs
in Denmark, Germany and parts of the United States during the
year.?

Many developed countries and some developing countries have
begun to respond to the challenge of grid integration.’* Strategies
in 2015 included various combinations of: increased flexibility
on the demand side and on the supply side (e.g., innovations in
flexible fossil power plants; energy storage, particularly pumped
storage; active power controls at wind and solar power plants);
construction of new transmission networks; development
of smarter grids; interconnection and co-ordination with
neighbouring grids; advanced resource forecasting; integrated
heating and cooling systems; and innovative market designs.*®

Dispatchable renewable energy plants - including reservoir
hydro, biomass and geothermal power (and CSP with storage)
contributed to flexibility. System balancing also is served by
new and upgraded transmission interconnections, such as the
Skagerrak 4 interconnector between Norway and Denmark,
which became operational in 2015. The interconnector was
built to help balance Denmark’s wind and thermal power
and Norway's hydropower.?® Innovative hybrid systems have
emerged, such as the Longyangxia station in China, where 1,280
megawatts (MW) of hydropower is linked to a massive solar PV



facility (850 MW upon completion).” Further, advancements
in inverter technologies are enabling solar and wind power to
provide a range of balancing services.”?®

In addition, stationary battery storage continues to advance
and costs are trending downwards.”?® Utility-scale storage in the
power sector, not including pumped storage and lead-acid bat-
teries, increased by a record 250 MW in 2015 (compared with an
estimated 160 MW in 2014), and projects announced by the year's
end totalled more than 1.2 GW."®® Although tiny compared with
up to 145 GW of pumped storage hydropower capacity — which
accounts for about 97% of global storage capacity and continued
to expand in 2015 - the market is growing quickly.® Most of the
capacity is being installed in the developed world, but storage
projects also are under way in developing countries, particularly
in conjunction with mini-grids.”*?

The behind-the-meter storage (batteries) sector also took a great
step forward in 2015 with some high-profile announcements and
a host of companies competing for this small but rapidly growing
market®* Such markets are developing in Australia, Germany,
Japan, parts of the United States and elsewhere, particularly in
combination with small-scale solar PV.** Innovative business and
deployment models for integrating renewables and on-grid stor-
age continued to emerge.’s®

Even so, in a growing number of regions and countries additional
increases in variable renewable penetration will require changes
to the grid system, regulations and market design.*® To address
such challenges in the EU, several initiatives are under way to
advance grid integration in the region, including changes in elec-
tricity market designs.®” In 2015, the German government issued
a "white paper” proposing changes to the national electricity law
and market.*® In the United States, California continued develop-
ment of a flexible ramping product (due to be launched in 2016),
which aims to shift generation as-needed through a new market
mechanism that allocates the extra costs of flexibility.'*

Globally, renewable electricity production in 2015 continued to
be dominated by large (e.g., megawatt-scale and up) generators
that are owned by utilities or large investors.”® Towards the end of
2015, more than half of global solar PV capacity was in projects of
4 MW and larger; the world's 50 largest solar PV plants in opera-
tion by early 2016 had a combined capacity exceeding 13.5 GW,
and at least 33 of these facilities came online (or achieved full
capacity) in 2015 and early 2016.*' CSP and wind energy projects
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also are growing, as are wind turbines - the average-size turbine
delivered to market in 2015 was 2 MW.? The hydropower indus-
try is using ever-larger units; the single largest hydropower tur-
bine under development by early 2016 has a capacity of 1 GW."?

At the same time, there are some markets where distributed,
small-scale generation has taken off, or is starting to do so.
Bangladesh is the world's largest market for solar home systems,
and other developing countries (e.g., Kenya, Uganda and Tanzania
in Africa; China, India and Nepal in Asia; Brazil and Guyana in Latin
America) are seeing rapid expansion of small-scale renewable
technologies for remote uses.**Developed countries and regions -
including Australia, Europe, Japan and North America - have seen
significant growth in numbers of residential electricity customers
who produce their own power.#®

Industrial auto-producers in developed and developing countries
also generated significant amounts of renewable electricity (and
heat) on site in 2015, particularly with waste biomass associated
with forestry and agriculture.“® A European Commission-funded
effort was launched in 2015 to develop innovative business mod-
els and regulations to increase the flexibility of electricity demand
by energy-intensive industries in order to facilitate the growth
and integration of variable renewable energy, while reducing
industrial electricity costs.’

In addition, mini- and micro-grids, increasingly driven by renew-
able systems, are being employed in island and other remote
communities to replace diesel generators or to provide electric-
ity access for the first time (e.g., in the US state of Alaska and
parts of Australia, island communities in Malaysia, remote areas
of India and southern Africa) or to achieve energy independence
and a more-secure and -resilient electricity supply (e.g., in the
US northeast in the wake of natural disasters such as Hurricane
Sandy).“®These may be isolated or connected to a wider grid.

Community and co-operative ownership of renewable power
capacity also expanded in 20154 Japan has seen a significant
increase in community power projects since March 2011, inter-
est in Australia is patchy but growing rapidly, and, in the United
States, Community Choice Aggregation (which enables commu-
nities to contract with producers to tailor their own energy supply)
is spreading beyond California.® In Europe, citizens in Croatia,
France, Greece and Spain have started to invest in renewable
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energy co-operatives, but they lag behind northern European
countries due to different legal contexts and lack of support
mechanisms.”” Denmark and Germany, in particular, have long
traditions of community and local ownership of renewable energy
systems, although Germany experienced a significant slowdown
in 2015 due to policy revisions.? (- See Feature.)

Major corporations and institutions around the world made large
commitments in 2015 to purchase renewable electricity.®® It was
a record-setting year in the United States, where large corporate
buyers are helping to drive the market for renewable power and
represent a rising share of renewable energy power purchase
agreements (PPAs)** In addition to PPAs and leases, some
major companies are developing their own large-scale projects
in the United States, Europe, Asia and elsewhere.'®® In early 2016,
the world's biggest government contractor concluded a deal to
buy solar power, joining a growing list of leading corporations
(now also including industrial and manufacturing companies)
signing deals for the first time in 2015 and early 2016./%¢ Other
big purchasers included municipalities (= See Policy Landscape
chapter), the US military and mining companies from Australia to
Chile to South Africa.®”

Voluntary purchases of renewable energy from traditional utilities
also continued in some countries, including several countries in
Europe as well as Australia and the United States.®® In 2014 (lat-
est available data), US voluntary retail green power sales totalled
74 terawatt-hours (TWh), up 10% over 2013, and represented
about 2% of total US electricity sales.s®

Through green purchasing, local ownership, and other means,
increasing numbers of jurisdictions around the world aim to meet
all of their electricity demand with renewable sources (the most
common 100% target).'®® Several cities, states and countries made
new commitments to 100% renewable power in 2015, while oth-
ers reached their targets.”® (- See Policy Landscape chapter.) For
example, Austria’s largest state, Lower Austria, achieved its 100%
goal, providing electricity for 1.65 million people with hydro, wind,
biomass and solar power'®? The German state of Schleswig-
Holstein reached 100% net electricity from renewables during the
year, as did several communities around the world.'®®

HEATING AND COOLING SECTOR

Energy use for heat accounted for about half of total world final
energy consumption in 2015.%4 Global consumption of heat
energy grew at an average annual rate of less than 1% in recent
years.'®® Cooling demand also continued to increase in 2015 as
a result of improved energy access and rising average global
temperatures.'®®

Renewable energy is used to meet heating and cooling demands
by means of solar, geothermal, aerothermal or hydrothermal;, or
biomass resources in solid, liquid and gaseous forms. Renewable
technologies also can supply electricity that can be converted
to heat. Because of an oversupply of electricity on the market at
peak renewable energy production times, electrification of heat
has received increasing attention, especially in Europe, although
there were few concrete steps in this direction in 2015,

In 2015, renewable energy's share of final energy use in the heat
sector was 25%; of this share, more than two-thirds was tradi-
tional biomass, predominantly in the developing world.'®® Modern
renewable energy supplied the remaining third - or approximately
8%.°° Although the total amount of deployed renewable heating
and cooling technologies is growing worldwide, annual growth
rates are falling.” Low global oil prices resulted in a slowdown
in investment in renewable energy heating and cooling during
20157

In the buildings sector, biomass and solar thermal energy
account for the vast majority of modern renewable heat (with
most recent estimates ranging from 7% to 10% of total heat
demand combined). In the industry sector, bioenergy dominates
renewable heat production (accounting for roughly 10% of total
heat demand).”*Trends in the use of renewable energy for heating
vary by technology, although relative shares have remained
stable in the past few years.

Bioenergy accounted for over 90% of modern renewable
heat generation in 2015.7% In some regions - especially in
European countries that import solid biomass - an ongoing
discussion on the use of biomass for heat was spurred by the
sustainability debate in the transport sector.™

Solar thermal accounted for roughly 8% of modern renewable
energy heat output. The year 2015 saw increasing interest in
and deployment of large-scale solar systems in district heating
networks; markets also expanded for solar process heat in
industry (such as food and beverage as well as the copper
industry, which has substantial demand for low-temperature
heat)."” However, most residential-scale solar thermal markets
stagnated or declined due to low oil prices, a comparative dip
in building construction in some regions and the low price
of solar PV systems; exceptions included Denmark, Israel,
Mexico, Poland and Turkey.'”®

Geothermal heat represented the remaining 2% share of
modern renewable heat generation. Over the past few years,
direct use of geothermal heat, excluding heat pumps, has
grown by over 3% annually on average, with geothermal space
heating growing around 7% annually. China, Turkey, Japan and
Iceland lead in terms of heat energy generated by direct use
of geothermal."””

i Heat pumps utilise the ground, ambient air or water bodies for heating and cooling. The total share of renewable energy delivered by a heat pump on a primary
energy basis depends not only on the efficiency of the heat pump and its operating conditions, but also on the composition of the energy used to drive the

heat pump. (= See Sidebar 4 in GSR 2014.)



There are important differences in renewable heating trends at
the regional level:

Asia: China continued to lead the world in installed capacity
of solar thermal, geothermal and biogas-fuelled heating
systems in 2015. The country saw declining investment in solar
thermal collectors for the second consecutive year, although
demand increased in some market segments (e.g., multi-
family residences).”® Elsewhere in Asia, modern biomass for
residential heat markets has grown, especially in Japan and the
Republic of Korea, where strict efficiency requirements have
influenced the development of globally competitive biomass
boilers” Some Asian countries, such as India, continued
to use substantial shares of bioenergy for heat production
in industry.®® Renewable energy use in clean cook stoves -
dominated by biogas - also has been on the rise, in particular
in China and India and to a lesser extent in Bangladesh and
Cambodia.®

Europe: Renewable energy accounted for an estimated 18%
of the EU’s total heating and cooling consumption; in industry,
the overall share was 13%.'®2 Europe has experienced the
strongest growth in renewable energy use for heat of any
region, with average annual increases of almost 5% since
2008.®% Nonetheless, market growth slowed in 2015 due to
the economic crisis, a downturn in the building sector and
low oil prices.™ Despite the slowdown for some renewable
heat technologies, residential-scale biomass boilers began to
show signs of recovery in 2015, and geothermal-based district
heat has expanded, especially where resources are optimal
and where building construction has continued - as in Paris,
Munich (Germany) and Gyor (Hungary).'® The market for heat
pumps has continued to grow, especially in France and Finland
(both with supportive government policies) and in Poland.'®

North America: Renewable energy accounted for roughly
13% of final energy for heat in North America. Much of this
was used in industry: in the United States, biomass contributes
approximately 17% of industrial heat production.’®” Growth rates
in renewable energy use for heat have been comparatively slow
(0.6%), due in part to reduced industrial output.'®® Residential
heating with wood pellets declined in 2015 as low oil prices
reduced the cost-competitiveness of renewable heat, and solar
thermal markets also continued to stall.’®®
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Latin America: Biomass-based heat accounts for almost a
third of industrial heat production in Latin America.”*® Solar
thermal markets are growing in Brazil's residential sector,
where demand for domestic hot water is accompanied by
a lack of sufficient gas infrastructure and an over-burdened
electric grid, and the technology is supported by social
housing programmes." In Mexico, solar thermal installations
increased 8% in 2015, thanks in part to mandates at the
state and city level® Several countries throughout the
region - including Argentina, Brazil, Costa Rica, Mexico and
Uruguay - are working together to implement standards
for solar hot water equipment that would support market
development,®3

Africa: Biomass supplies a substantial share (roughly a
third) of Africa’s industrial-based heat.®* South Africa's solar
thermal market has grown relatively quickly, although it
dropped in 2015 due to a delay in government tenders linked
to an improved solar hot water programme.'®® During the
year Lesotho, Mozambique and Zimbabwe formulated new
policies to support solar hot water.®® Countries in the Great
Rift Valley, where there are significant geothermal resources
(as in Kenya), have begun to tap direct geothermal heat for
use in greenhouses, for example (as well as for electricity).'*”
Clean cook stoves, many of which use biogas as a source, are
used increasingly in Africa, notably in Ethiopia, Kenya and, to a
lesser extent, in Nigeria and Rwanda.'®®

Middle East: Counter to global trends, solar thermal markets
grew in the Middle East during 2015.%° Oman, for example,
announced plans to host the world's largest solar thermal
facility (>1 GW), which will produce steam for the oil industry.?°°
In addition, mandatory green building certifications (in the
United Arab Emirates, for example) have helped spur solar
cooling markets in the region.?”'

In 2015, several trends continued that facilitate increases in
renewable energy in the heating and cooling sector: the number
of net-zero-energy buildings continued to rise, and improvements
continued in the efficiency of industrial processes, building
materials and heating and cooling systems. (- See Energy
Efficiency chapter) In addition, although policies supporting
energy efficiency and renewable energy generally are treated as
separate policy pillars, there were examples in 2015 of policies
that worked towards their integration. Notable are the EU
labelling requirements for heating devices, which permit only
those space and water heating systems that include renewable
energy to achieve the best efficiency class rating.?°?

The expansion of district heating systems also may provide
increased opportunities for renewable heating. The year 2015 saw
an increasing use of solar heat for district heating systems, in both
new and expanded systems, with Denmark (which now supplies
53% of its heat in district heating systems with renewables, waste
incineration or industrial surplus heat) as an especially noteworthy
mover.2®® There also were a number of announcements to
expand or develop biomass- and geothermal-based district
heating systems - for example, in Scotland (biomass), Sweden
(biomass) and France (geothermal).2** In China's Inner Mongolia
Autonomous Region, progress continued on the implementation
of a district heating system that will be powered by surplus wind
energy.20®
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Seasonal storage of heat generated by renewable energy for
district heating systems (heat is fed in the summer, taken out in
winter) also has been deployed in a number of cases.?*® Borehole
thermal storage from solar collectors has been implemented in
Canada, Germany, ltaly, the Netherlands and Sweden, and a
number of demonstration projects have been implemented in
Australia, China and France.?”” On a smaller scale, solar PV is
being combined with heat pump systems, which provide storage
and enable increased on-site consumption of the renewable
energy generated.?®

Solar technologies have accounted for the majority of renewable
energy used to meet cooling demand in recent years. The
growth rate of the global solar cooling market has fluctuated,
averaging approximately 6% between 2010 and 2014.2°° Although
there is a niche market for medium-sized capacity installations
(e.g., in hotels and hospitals, especially on islands where fuel
must be imported), widespread deployment has stagnated
due to relatively high system costs, space requirements and
the complexity of solar thermal-based cooling, especially for
small-capacity systems.?® Solar-based cooling discussions are
shifting increasingly to integrated solar PV-driven systems, as the
technology progresses in the research and development (R&D)
stage.?" Bioenergy-based cooling - for example, via connection
to adsorption chillers - remains in the R&D stage, with very little
practical implementation due to high comparative cost.?”

There also is growing interest in district cooling systems, spurred
by an increasing demand for cooling.?™® Growth in district cooling
in the Middle East, namely in the United Arab Emirates, Qatar
and Saudi Arabia, has surpassed other world regions. There
was, however, also noteworthy development in Australia, the
Republic of Korea and Singapore in 2015.2* Such systems offer
opportunities for integration of renewable energy, although their
deployment is as yet rare.?”®

In general, deployment of renewable technologies in the
heating and cooling markets continued to be constrained by a
limited awareness of the technologies, the distributed nature
of consumption and fragmentation of the heating market,
comparatively low fossil fuel prices, ongoing fossil fuel subsidies
and a comparative lack of policy support.?®

Despite challenges to renewable heating and cooling markets in
2015, there were international signals that awareness and political
support for related technologies may be growing. A number of
INDCs delivered to the UNFCCC for COP21 specifically mention
goals to expand the use and manufacture of renewable heating
technologies.?” In addition, the European Commission continued
to develop its first strategy for heating and cooling in 2015
(launched in early 2016) with plans to boost energy efficiency in
buildings and increase the use of renewable energy in the heating
and cooling sector.?”® The development of this strategy - one of
the first of its kind - demonstrates a growing awareness of the
potential of renewable heating and cooling.

TRANSPORT SECTOR

Global consumption of energy in transport has increased by an
average of 2% annually since 2000 and accounts for about 28% of
overall energy consumption.?”® Most of the total transport energy
demand (around 60%) is for passenger transport, a majority of
which is for passenger cars.??® Road transport also accounts for
a majority (around 67%) of freight transport, with shipping (23%)
and rail (4%) accounting for smaller shares.?*' Renewable energy
accounted for an estimated 4% of global road transport fuel in
2015,2%

There are three main entry points for renewable energy in the
transport sector: the use of 100% liquid biofuels or biofuels
blended with conventional fuels; the growing role of natural gas
vehicles and infrastructure that can be fuelled with gaseous
biofuels; and the increasing electrification of transportation.

Renewable energy use in transport received increasing
international attention in 2015, Many countries pledged in their
INDCs to “decarbonise fuel”, focusing largely on passenger
transport.?® (- See Sidebar 4 in Policy Landscape chapter) The
Partnership for Sustainable Low Carbon Transport, a multi-
stakeholder partnership of more than 90 organisations, and the
Global Fuel Economy Initiative continued work towards low-
carbon (including renewable), efficient transport in 2015.2%

Liquid biofuels (ethanol and biodiesel) represent the vast majority
of the renewable share of global energy demand for transport. In
2015, ethanol production increased 4%, whereas global biodiesel
production fell slightly (less than 1%).22°> Although low oil prices
negatively affected some sectors in 2015 (particularly heating and
cooling), liquid biofuel markets were somewhat sheltered in many
countries thanks to blending mandates.??® (-»See Reference
Table R3.) Regional trends include:

North America: In the United States, the world's largest
biofuel producer, after long delays and lapses the biofuel
industry received positive signals from policy makers in
2015. Ethanol production (based largely on maize) rose, and
biodiesel production (based largely on soya oil) decreased
slightly relative to 2014 levels.??” To the north, Canada, a leader
in fuel ethanol production in past years, saw production fall
in 2015.

Latin America: Brazil, the world's second largest biofuel
producer, increased both ethanol and biodiesel production
during 2015, due to good sugarcane harvests and blending
mandates. However, in Argentina, a leading producer in years
past, output fell by 20% due to constrained export markets.
Colombia, the region’s third largest biofuel producer, raised
its ethanol production by almost 12% over 2014 levels, but its
biodiesel production decreased slightly.??®

Europe: In the EU, new rules came into force, amending
existing legislation to limit to 7% the share of biofuels in
transport from crops grown on agricultural land.??® Against this
background, biofuel production in the region remained largely
stable.

Asia: As fuel ethanol continued to grow in Asia, led by increases
in China and Thailand, biodiesel production fell sharply.
Indonesia, previously one of the top biodiesel producers
worldwide, saw production decrease by roughly 60%. China’s
biodiesel production increased, almost overtaking Indonesia's
2015 levels.



Africa: Although biofuel production levels in Africa remained
comparatively very low, the continent saw substantial growth
in ethanol production in 2015.

Biofuels saw continued advances in new markets and applications
during 2015. In Egypt, Japan, Mexico, the Netherlands and the
United States, there were announcements of aviation biofuel
supply agreements or plans to integrate aviation biofuel into
future flights.*° United Airlines became the first US airline
to move beyond demonstration to regular operations using
biofuels.?®" In addition, 2015 brought announcements of several
feedstock-related innovations for aviation fuels, including drop-in
fuels produced with woody biomass and efforts to convert
municipal solid waste (MSW) into jet fuel.?®* There also were
announcements of fully renewable transatlantic flights based on
a combination of algae-based biomass and solar energy, as well
as an around-the-world flight powered solely by solar PV.?3

Developments associated with gaseous fuels and electricity
continued to create pathways for integrating renewables into
transportation. The number of compressed natural gas (CNG)
vehicles and fuelling stations continued to expand in 2015 - with
notable development in the United States (which had reached
more than 900 CNG stations in early 2016), India, Iran and the
Netherlands - creating parallel opportunities for gaseous biofuels
such as biomethane.®* Although biomethane production is
concentrated primarily in Europe, early steps were taken to
introduce the fuel in Latin America in 2015. For example, Brazil
set new specifications for the production and sale of biomethane
and launched its first biomethane-powered city bus.?

Electrification of the transport sector expanded during the year,
enabling greater integration of renewable energy in the form of
electricity for trains, light rail, trams as well as two- and four-
wheeled electric vehicles.

The number of electric passenger vehicles (EVs) on the road
increased again in 2015; key markets are in China, Northern
Europe and the United States. Manufacturers announced several
new models of light-duty EVs with longer ranges (300 kilometres)
that are expected to be available at more-affordable prices in the
coming years.2*® The year 2015 also saw substantial developments
in R&D for electrification of heavy-duty vehicles, broadening the
scope beyond a focus almost exclusively on light-duty vehicles.?*

Exploration of methods to integrate renewable energy into
charging stations for electric cars expanded in 2015, although
many projects are pilot or demonstration and integration remains
relatively small-scale. Some companies also worked to expand
charging networks worldwide, including stations powered by solar
PV.2% China launched its largest solar PV charging station in 2015
(capable of charging 80 EVs per day) and launched a pilot project
in Shanghai to test the ability of EVs to support the integration of
renewable energy into the electric grid.?*® Japan also announced
implementation of solar-powered recharging stations in 2015.24°
In the United States, innovators began demonstration of off-grid
100% solar carports for charging EVs - mobile charging stations
that fit in standard parking spaces.?*' For more-traditional, grid-
tied charging stations, utilities in southern California began to
explore innovative incentives to encourage customers to charge
their vehicles when renewable energy is plentiful.?#
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The year 2015 also brought progress towards integrating
renewable energy into EV charging infrastructure where markets
are smaller or nascent. In the Middle East, for example, Jordanian
officials signed letters of commitment to build 3,000 solar-
powered electric charging stations over the next decade.?® In
the Pacific, plans were announced to test the concept of solar-
powered charging stations for a small fleet of electric cars in the
Marshall Islands. 24

In the shipping sector, integration of renewable energy stagnated
in 2015, inhibited by low oil prices, a lack of supportive policies
(very few national policies exist for renewables in shipping - the
Marshall Islands is one noteworthy exception) and international
regulation, and lock-in of shipping fleets.?**Despite the lack of
progress in renewable energy deployment, R&D continued in
2015, with Korean innovation in wind energy-supported ships;
German developments of a 60-metre renewable-powered
research freighter; and several pilot projects of biomethane
application in ships that operate on liquefied natural gas (LNG).?#
In addition, developments in battery-powered ferries in Northern
Europe may enable further integration of renewable energy in the
form of electricity.?

Several concrete strides were taken in the rail sector towards
achieving existing goals to supply increasing shares of
electricity demand with renewable energy, and new goals were
announced during the year. In the Netherlands, to build on its
goals established in 2014, the Dutch rail network completed a
contract to source wind energy to meet up to 100% of the power
needed to propel its trains by 2018; nearly half of the power for
the network was supplied by wind power in 2015.24¢ In Australia,
Canberra announced a new light rail project that requires an
initial minimum of 10% renewables use, with a target to increase
the share to 90% by 2020 and New South Wales announced a
tender to supply the Sydney metro with renewable energy.?*°
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Sidebar 2. Jobs in Renewable Energy

Employment in the renewable energy sector increased by 5% in
2015, to 8.1 million jobs (direct and indirect), as estimated by IRENA!,
(= See Table 1 and Figure 5.) Solar PV and wind power remained
the most dynamic markets, while solar PV and biofuels provided
the largest numbers of jobs. In addition, large-scale hydropower
accounted for another 1.3 million direct jobs in 2015.

Renewable energy markets and employment were characterised
by favourable policy frameworks in several countries, regional shifts
in investment and increased labour productivity. Enabling policy
frameworks remained a key driver of employment, as illustrated by
the ambitious solar targets in India and the wind energy auctions,
coupled with financing rules to encourage local content, in Brazil.
Greater renewable energy deployment, particularly in Asia, and
sluggish markets in Europe continued to drive regional shifts in
employment numbers. Meanwhile, increasing labour productivity
and automation have negatively affected employment in certain
technologies, such as solar PV and bioenergy. Although growth in
jobs was slower in 2015 than in previous years, the total number of
jobs worldwide continued to rise, in stark contrast with depressed
labour markets in the broader energy sector.

Record solar PV deployment enhanced job creation, with the
number of jobs up 11% over the 2014 estimate. China was the
undisputed leader in solar PV employment in 2015, with 1.7
million jobs, followed by Japan and the United States. India
continued to emerge as a major market, and the number of jobs
in the sector increased accordingly. In the EU, however, solar PV
employment decreased by 13% in 2014, the most recent year for
which data are available.

Employment in liquid biofuels declined by an estimated 6% in
2015, even as global production rose relative to 2014, due mainly to
increasing mechanisation in some countries. The United States and
Brazil, for example, saw minor job losses even as biofuel production
rose. In the EU, biofuel employment was up 8% in 2014. In Southeast
Asia, Malaysia and Thailand increased production to meet growing
domestic demand in 2015, creating new job opportunities. Indonesia,
however, suffered job losses as exports declined.

Wind power witnessed a record year with strong market growth in
several countries. As result, global employment was up 5%, with close
to half of all wind power jobs in China. Germany and the United States
also were top players in 2015, followed by India and Brazil.

In solar heating and cooling, China continued to lead but suffered
job losses for the second year running due to the economic
slowdown, the reduced demand in the real estate industry and the
removal of subsidies in 2013. Turkey, India, Brazil, the United States
and the EU also are major employers in solar heating and cooling.

Employment in the small-scale hydropower industry decreased by
5% in 2015, due largely to job retrenchments in China. IRENA's
estimates indicate that global employment in large-scale
hydropowerii totalled 1.3 million direct jobs, dominated by positions

in operation and maintenance. China, Brazil and India were the
leading employers.

Considering all renewable energy technologies, the leading
employers in 2015 were China, Brazil, the United States and India.
The global top 10 employers include four countries from Asia,
compared with only three in 2013,

China accounted for more than one-third of global renewable
energy installations in 2015 and led employment with 3.5 million
jobs. Marginal gains in solar PV and wind power were offset
somewhat by losses in the solar heating and cooling and small-
scale hydropower sectors. In addition, employment in large-scale
hydropower in China supported around 440,000 direct jobs, most
of which were in construction.

For the fourth year in a row, the EU registered renewable energy
job losses in 2014 (the latest available data). Employment fell by
3% due to decreasing investments and adverse policy conditions
in some countries. Europe's wind industry provided most of the
jobs. As of 2014, employment in the solar PV industry was just
one-third of its 2011 peak. Despite a 32% decline in solar PV
employment, in 2014 Germany remained the leading renewable
energy employer by far — with almost as many jobs as the next
three countries combined (France, the United Kingdom and Italy).

Renewable energy employment in the United States increased by
6% in 2015. All solar (solar PV, CSP and solar heating and cooling)
employment rose by 22%, with most of these jobs in installation of
residential solar PV rooftop systems. Women represented 24% of
the solar workforce, up from 19% in 2013. Wind power employment
also increased, and prospects for future growth improved with the
multi-year extension of the Production Tax Credit in December.

In Brazil, most renewables employment was found in bioenergy and
large-scale hydropower. Jobs in the wind sector are increasing due
to rising deployment and local manufacturing. Elsewhere in Latin
America, jobs also are increasing in the wind and solar sectors.

The Indian solar and wind power markets have seen substantial
activity as the ambitious renewable energy targets are translated
into concrete policy frameworks. Central and state auctions for
solar PV contributed to the installation of 2 GW in 2015 and to an
impressive pipeline of 23 GW. Employment in solar PV expanded
by 23% in 2015, and jobs in the wind sector also rose.

Japan experienced notable gains in solar PV deployment in recent
years, resulting in a 28% increase in employment in 2014. It is
likely that there was additional job growth in 2015; however, recent
reductions in feed-in-tariffs may change the upward trend.

Africa presents specific data challenges, but it is clear that a number
of solar PV, wind and geothermal power projects in Egypt, Kenya,
Morocco and South Africa created new jobs. IRENA estimates that
the continent had more than 60,000 renewable energy jobs (not
including large-scale hydropower) in 2015, Close to one-half of these
jobs are in South Africa and about one-fourth are in northern Africa.

" This sidebar is drawn from IRENA, Renewable Energy and Jobs - Annual Review 2016. Data are principally for 2014-2015, with dates varying by country and

technology, including some instances where only dated information is available.

" IRENA defines large-scale hydropower as projects above 10 MW. Definitions may vary across IRENA member countries. Projects below 10 MW are considered

as small-scale hydropower.
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JOBS IN RENEWABLE ENERGY

Table 1. Estimated Direct and Indirect Jobs in Renewable Energy Worldwide, by Industry

i - European Union’
World China Brazil Ui India Japan EIT) &
States ladesh Germany France RestofEU

THOUSAND JOBS

Solar PV 2,772 1,652 4 194 103 377 127 38 21 84
3 Liquid biofuels 1,678 71 821 277" 35 3 23 35 47
B Wind power 1,081 507 41 88 48 5 0.1 149 20 162
Solar heating/ 939 743 41¢ 10 75 07 10 6 19
cooling
u So||d biomassarg 822 241 152¢ 58 49 48 214
[ Biogas 382 209 85 9 48 4 14
Hydropower 204 100 12 8 12 5 12 4 31
(small-scale)®
Geothermal energy? 160 35 2 17 31 55
csP 14 4 07 5
Total 8,052" | 3,523 | o918 769 416 388 141 355 170 644k

Note: Figures provided in the table are the result of a comprehensive review of primary (national entities such as ministries, statistical agencies, etc.) and
secondary (regional and global studies) data sources and represent an ongoing effort to update and refine available knowledge. Data do not include large-
scale hydropower. Totals may not add up due to rounding.

@ Power and heat applications (including heat pumps in the case of the EU). ® Although 10 MW is often used as a threshold, definitions are inconsistent across
countries. ¢ About 268,400 jobs in sugar cane and 190,000 in ethanol processing in 2014; also includes 200,000 indirect jobs in equipment manufacturing and
162,600 jobs in biodiesel in 2015. ¢ Equipment manufacturing and installation jobs. ¢ Biomass power direct jobs run to only 15,500. f Includes 227,562 jobs for ethanol
and 49,486 jobs for biodiesel in 2015, ¢ Traditional biomass is not included. " The total for 'World' is calculated by adding the individual totals of the technologies, with
3,700 jobs in ocean energy, 11,000 jobs in renewable municipal and industrial waste and 14,000 jobs in others (jobs that cannot be broken down by technology).

"All EU data are from 2014, and the two major EU countries are represented individually. Includes 8,300 jobs in publicly funded R&D and administration; not broken
down by technology.  Includes 8,000 jobs in renewable municipal and industrial waste and 3,700 jobs in ocean energy.

Source: IRENA

o e $1HE 11 11 I 1S
arcesver—— OTTTT TTTRT TTOET T

(solar PV, CSP,
solar heating/cooling)

PR wind Power
USSR LU L
omooe— PITRTTITTT T ¥ 8.1 mitiion sobs

i Employment for large-scale hydropower not included.
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Community-based electrification - power generation and distribution

Reliable electricity supply is critical for the sustainable development of rural communities. The member-run
() co-operative CRELUZ started its activities with the objective of extending the electric grid to rural homes

within an area of 13,000 km2. CRELUZ invested in six local run of river mini-hydropower plants as well as
in wind to provide a reliable power supply, overcoming power cuts in the national electric grid.

Rio Grande do Sul, Brazil | Created: 1966 | Members: 20,000 families in 36 municipalities
4500 km of power lines, 3.96 MW of run of river mini-hydropower capacity
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02 MARKET AND INDUSTRY TRENDS

BIOMASS ENERGY

Bioenergy draws on a wide range of potential feedstock materials:
forestry and agricultural residues and wastes of many sorts, as
well as material grown specifically for energy purposes. The
raw materials can be converted to heat for use in buildings and
industry, to electricity, or into gaseous or liquid fuels, which can be
used in transport, for example. This degree of flexibility is unique
amongst the different forms of renewable energy.’

The most commonly used conversion methods - combustion of
fuels to produce heat or electricity; anaerobic digestion to produce
methane for heat or power production; and the conversion of
sugary and starchy raw materials to ethanol, or of vegetable
oils to biodiesel - all are well-established and commercial
technologies.? A further set of conversion processes - for
example, the production of liquid fuels from cellulosic materials
by biological or thermochemical conversion processes, such as
pyrolysis — are at earlier stages of commercialisation or still under
development.®

In 2015, drivers for the production and use of biomass energy
included rapidly rising energy demand in many countries and
local and global environmental concerns and goals. Challenges
to bioenergy deployment included low fossil fuel prices and
rapidly falling energy prices of some other renewable energy

sources, especially wind and solar PV.# Ongoing debate about
the sustainability of bioenergy, including indirect land-use change
and carbon balance, also affected development in the sector.®
Given these challenges, national policy frameworks continue to
have a large influence on deployment.

BIOENERGY MARKETS

Bioenergy contributes more to primary global energy supply
than any other renewable energy source.® Total energy demand
supplied from biomass in 2015 was approximately 60 exajoules
(EJ).” The use of biomass for energy has been growing at around
2% per year since 2010.5 The bioenergy share in total global
primary energy consumption has remained relatively steady
since 2005, at around 10%, despite a 24% increase in overall
global energy demand between 2005 and 2015.°

Bioenergy plays a role in all three main energy-use sectors:
heat (and cooling), electricity and transport. The contribution
of bioenergy to final energy demand for heat (traditional and
modern) far outweighs its use in either electricity or transport.’®
(> See Figure 6.)

Solid biomass represents the largest share of biomass used for
heat and electricity generation, whereas liquid biofuel represents
the largest source in the transport sector.” (= See Figure 7)

Figure 6. Shares of Biomass in Total Final Energy Consumption and in Final Energy Consumption by End-use Sector, 2014

Modern biomass B Non-biomass
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Heat buildings: modern
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Source: See endnote 10 for this section.
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i The final energy share is about 14%, as seen in Figure 6.
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Bio-heat Markets

Biomass in many forms - as solids, liquids or gases - can be
burned directly to produce heat for cooking and heating in the
residential sector by means of the traditional use of biomass or
in modern appliances. It also can be used at a larger scale to
heat larger institutional and commercial buildings, or in industry
to produce high-temperature process heat and/or lower-grade
heat for heating or drying. The heat can be produced directly
or co-produced with electricity via combined heat and power
(CHP) systems and distributed from larger production facilities
by district heating systems to provide heating (and in some case
cooling) to residential, commercial and industrial customers.

The traditional use of biomass for heat involves primarily the use of
simple and inefficient devices to burn woody biomass, in the form
of fuelwood or charcoal.? Biomass energy use in 2015 is estimated
at 31 EJ, although it is difficult to quantify the volume consumed
given the informal nature of the supply and uncertainty regarding
the use of these biomass materials.® Consumption of fuelwood
for traditional energy uses remained stable in 2015 compared to
previous years, at an estimated 1.9 billion cubic metres (m3); the
largest shares of fuelwood (as well as other fuels such as dung
and agricultural residues) are consumed in Asia, South America
and Africa.” The use of charcoal for cooking in many developing
countries, especially in urban areas, has been increasing by an
average of around 3% a year since 2010, reaching an estimated
55 million tonnes in 2015,

Modern bioenergy applications provided some 14.4 EJ of heat in
2015, of which an estimated 8.4 EJ was for industrial uses and
6.3 EJ was consumed in the residential and commercial sectors
(used principally for heating buildings and cooking).® Modern
biomass heat capacity in 2015 increased by an estimated 10 GW,
to reach approximately 315 GWi,.”

Bioenergy accounts for around 10% of all industrial heat
consumption, and its use in industry has been growing at about
1.3% annually over the past 15 years, principally from solid
biomass.® The use of biomass residues to produce heat, often
via CHP, is particularly important in bio-based industries. The

pulp and paper sector was the largest industrial consumer of
bioenergy for heat, sourcing some 43% of its heat requirements
from biomass process residues such as bark and pulping liquors.”
The food and tobacco industries also meet a considerable share of
their energy needs with biomass. Heat is required to manufacture
biofuels as well: for example, bagasse is used to generate heat and
power in facilities that produce sugarcane-based ethanol.

The principal regions that rely on biomass for industrial heat are
Asia and South America (particularly Brazil, where bagasse is
used in sugar production).?2® North America is the next largest user;
however, the region’s use of bioenergy for heat is declining due to
changes in the structure of the forestry and paper industries.”

In the buildings sector, the largest consumers of modern biomass
for heat by country include the United States, Germany, France,
Sweden, ltaly and Finland.?> Europe is the largest consumer
by region, due largely to efforts of EU Member States to meet
mandatory targets under the Renewable Energy Directive.?®

Europe (primarily Italy, Germany, Sweden and France) also was
the largest market for wood pellets for heating in 2015, although
the region’s second consecutive mild winter reduced demand
somewhat during the year.?

Several countries in the Baltic and Eastern European regions have
seen an increase in the use of wood fuels in recent years. Rising
demand is driven by the countries’ ample biomass resources,
widespread use of district heating and desire to reduce quantities
of imported natural gas. In Lithuania, for example, 61% of energy
used in district heating in 2015 was derived from local forestry
industry residues. Lithuania's biomass-based heat capacity tripled
between 2011 and 2015, t0 1,530 MWy, %

The United States and Canada have strong traditions of using
wood as a fuel for residential heating. As of 2014, some 2.5 million
US households used fuelwood as their principal household
heating fuel, and another 9 million homes used it as a secondary
fuel?® Use of wood pellets also increased in these markets,
although growth was constrained by low oil prices during 2015.#

In China, a programme launched in 2008 to encourage the use
of pelletised agricultural residues for heating and to reduce coal
use in local district heating schemes has stimulated the growth
of a national market and industry. The policy provides support to
farmers to collect and process residues and so provides a useful
rural economic incentive. It is estimated that more than 6 million
tonnes of pellets, with an energy content of some 96 petajoules
(PJ), were produced and used in China during 2015.2

Biogasalsois used inindustrial and residential heating applications.
In Europe, it is used increasingly to provide heat for both buildings
(space) and industry (processes), often in conjunction with
electricity production via CHP.?* Asia leads the world in the use
of small-scale biogas digesters to produce gas for cooking and
space heating. More than 100 million people in rural China and
4.83 million people in India have access to digester gas.®®
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Figure 7. Shares of Biomass Sources in Global Heat and Electricity Generation, 2015
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Figure 8. Bio-power Global Generation, by Country/Region, 2005-2015
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Bio-power Markets

Bio-power capacity increased by an estimated 5% in 2015, to
106.4 GW, and generation rose by 8% to 464 TWh; the rise in
generation was due in part to increased use of existing capacity.®'
The leading countries for electricity generation from biomass in
2015 were the United States (69 TWh), Germany (50 TWh), China
(48 TWh), Brazil (40 TWh) and Japan (36 TWh) followed by the
United Kingdom and India.®? (= See Figure 8,)

By country, the United States is the largest producer of electricity
from biomass sources. In 2015, US biopower capacity in operation
increased by 4% to 16.7 GW; generation in 2015 was close to the
2014 level of 69.3 TWh.* There are signs that some existing bio-
electricity in the United States is not financially competitive with
low-cost generation from natural gas and with generation from
other lower-cost renewables.®

Bio-power production, from both solid biomass and biogas,
continued to grow in Europe.®® Germany remains Europe’s largest
producer, and total bio-power capacity in the country remained
constant at 71 GW in 2015. Much of this capacity (4.8 GW) relates
to biogas-fuelled installations based on energy crops. Germany
has the largest biogas-powered generation capacity in Europe.®®
However, biogas power capacity growth was limited in 2015 due
to reductions in financial support for biogas plants.*” Bioelectricity
production was up by 2% over 2014, to 50 TWh.

Elsewhere in Europe, both bio-power capacity and generation
increased significantly in the United Kingdom during 2015 (by
12% and 27%, respectively), making the country the world's
sixth largest user of biomass for electricity generation.®® These
increases were due largely to activities at Drax, previously the
United Kingdom's largest coal-fired power station, where two
large generation units have been converted to biomass firing,
with a third currently undergoing conversion.®® Around 4% of
UK electricity is generated from biomass at the site. The biogas
market also grew strongly in the United Kingdom, with the fastest
growth of any country in Europe, stimulated by an attractive feed-
in-tariff rate.4

In China, bio-power capacity reached 10.3 GW in 2015, an increase
of 0.8 GW over the year* Generation was up 16% over 2014, to
an estimated 48.3 TWh.# The country's 2010-2015 Five-Year
Plan aimed to reach 13 GW by 2015, with a target of 30 GW by
2030. Factors that have restricted progress include high feedstock
prices, poor co-ordination among projects and technical operating
difficulties.*®

Elsewherein Asia, Japan's efforts to stimulate growth in renewables
following the Fukushima nuclear disaster have led to increased
use of bio-power. Capacity reached a total of 4.8 GW in 2015,
and generation reached some 36 TWh. The growing market is
based largely on imported fuels such as wood pellets (principally
from Canada), wood chips and palm kernel shells.* In India, bio-
power capacity saw relatively small gains in 2015: on-grid capacity
increased by 144 MW (up 0.3%) to 4.67 GW, and off-grid capacity
rose by 18.9 MW (up 2%) to 927 MW.#

In Brazil, bio-power production relies primarily on sugarcane
residues, such as bagasse, as fuel. Capacity increased 250 MW
over the period 2013-2015, to 9.7 GW at end-2015. Growth was
relatively slow because wind power dominated the country's
renewable energy auctions over this period. Even so, some bio-
power projects were selected in the three auctions held in 2013
and 2015, and several PPAs were awarded during 2015 for new
and existing bio-power plants.“®

Transport Biofuel Markets

In 2015, global biofuels production increased by around 3%
compared to 2014, reaching 133 billion litres.* This increase was
due to good harvests in key ethanol-producing countries - maize
in the United States and sugar cane in Brazil - but was abated by
a slight reduction in biodiesel production. Demand was consistent
due to blending mandates, which sheltered markets from the
potential impacts of comparatively low global gasoline and diesel
fuel prices.

Global production of biofuels was dominated by the United States
and Brazil - these two countries produce 72% of all biofuels -
followed by Germany, Argentina and Indonesia. An estimated 67%
of biofuel production (in energy terms) was fuel ethanol, 33% was
biodiesel, and a small but increasing share was hydrogenated
vegetable oils (HVO) and other advanced biofuels (with existing
capacity of around 0.5 billion litres/year).%® (- See Figure 9.)

Global production of fuel ethanol increased by some 4% between
2014 and 2015, to 98.3 billion litres. The United States and Brazil
accounted for 86% of global ethanol production in 2015. China,
Canada and Thailand were the next largest producers.*®

US ethanol production rose 3.8% to 56.1 billion litres during the
year.®® Domestic demand was supported by the US Environmental
Production Agency's (US EPA) final Renewable Fuel Standard
(RFS 2) allocations for annual volume requirements. A 2% increase
in gasoline demand also increased the amount of ethanol that
could be blended while avoiding the 10% "blend wall"*" Ethanol
production in Brazil also increased by 10%, to a record output
of 28.2 billion litres, due to a good harvest.’> The other major
producer in the Americas, Canada, ranked fourth globally in 2015,
producing 1.7 billion litres (down 1% compared to 2014).%3

China, the third largest ethanol producer, produced an estimated
2.8 billion litres in 2015, a decline of 14%. China increased ethanol



imports during the year but added no new production capacity,
in part because of a moratorium on maize-based ethanol
production.®* Asia's other major producer, Thailand, saw ethanol
production rise by 10%, from 1.1 billion litres in 2014 to 1.2 billion
litres in 2015,%°

In the EU, key producers include France, Germany, Spain, Belgium
and the United Kingdom.%® EU ethanol production was down by
about 7% in 2015 to some 4.1 billion litres, particularly because of
reduced production in the United Kingdom.®”

Ethanol production in Africa increased substantially, from 0.10
billion litres in 2014 to 0.13 billion litres in 2015, due largely to
increases in production in South Africa.%®

Leading countries in biodiesel production worldwide were
the United States, Brazil, Germany and Argentina. Following a
significant increase in 2014 (up 13% to 30.4 billion litres), global
production of biodiesel fell slightly in 2015 to 30.1 billion litres.*
The decline was due to constrained production in Argentina and
Indonesia, in particular.

US biodiesel production rose by 2% in 2015, reaching close to 4.8
billion litres.®® In Brazil, output was up 20% to 4.1 billion litres.®'
Growth in Brazilian demand for biodiesel was stimulated by an
increase in the biodiesel blending mandate to 7%.? By contrast,
biodiesel production in Argentina declined by 30% in 2015, to
2.1 billion litres.®® Output was reduced due to a reduction in
export markets, which resulted from a tax increase by the EU on
Argentinian biodiesel imports.®

European biodiesel production rose by 5% to 11.5 billion litres.®®
Germany was again the largest European producer (2.8 billion
litres), followed by France (2.4 billion litres).®®

The year 2015 saw significant changes in biodiesel production
patterns in Asia. In Indonesia, the region's largest producer,
biodiesel production dropped by over 40% - from 2.9 billion litres
in 2014 to 17 billion litres - due to delays in fully implementing
the B15 biodiesel programme.®” In Malaysia, the introduction of
a B7 blend mandate increased demand and resulted in a 40%
jump in production to around 0.7 billion litres.®® China's biodiesel
production is estimated to have increased substantially - by an
estimated 24% - to 0.35 billion litres in 2015.%°

Global production of HVO grew by some 20% to 4.9 billion litres,
with the Netherlands, the United States, Singapore and Finland as
major producers.”

The use of biomethane as a transport fuel also continued to
increase during the year” The largest markets are all in Europe,
where Sweden, Germany and Finland lead, using a combined
119,000 tonnes (4.7 PJ) of biomethane fuel.”?
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BIOENERGY INDUSTRY

The bioenergy industry includes feedstock suppliers and proces-
sors; firms that deliver biomass to end-users; manufacturers and
distributors of specialist biomass harvesting, handling and stor-
age equipment; and manufacturers of appliances and hardware
components designed to convert biomass to useful energy car-
riers and energy services. Industry, with support from academia
and governments, also is making progress in bringing a number
of new technologies and fuels to the market.

Solid Biomass Industry

The industries involved in producing solid biomass and
manufacturing-related technologies are very diverse. The
production and supply of traditional biomass is usually informal
and local, although there are signs of increasingly industrial
approaches to the production and marketing of systems such as

biomass-based cook stoves.”®

The industry for manufacturing modern biomass heating
appliances is well-developed in Europe and North America, where
regional players generally focus on local markets and can tailor
their products to specific customer and regulatory requirements.
Large-scale systems used for district heating and industrial
applications typically are provided by global players.

Fuelwood and other biomass feedstock supply for heat or power
production tends to be based locally in order to constrain transport
costs and associated emissions. For example, straw used to fuel
power generation plants usually is collected within a radius of
around 50 kilometres.”

In contrast, wood pellets (which have a relatively high energy
density) are traded globally.” Wood pellets are supplied
primarily from Europe (Germany, Sweden and Latvia), North
America (the United States and Canada) and the Russian
Federation.”® The pattern of trade varies year to year as the
demand for pellets for power generation is affected by changes
in regulations and levels of financial support. Historically the EU
region has been the major importer, but since 2014, Japan and
the Republic of Korea also have become important markets.”

The United States exported more than 4.5 million metric
tonnes of wood pellets in 2015, 84% of which went to the
United Kingdom and 14% to Benelux countries.” Drax (United
Kingdom) has invested more than USD 350 million in fuel
production plants in the US states of Louisiana and Mississippi,
and in 2015 the company opened biomass pellet storage,
handling and loading facilities at Louisiana’s Port of Greater
Baton Rouge that are capable of handling 3 million tonnes of
pellets a year.”®

In Canada, pellet exports remained close to 2014 levels, at 1.63
million tonnes. Rising sales to the United Kingdom (up 23%) and
Japan (up 30%) were offset by reductions in exports to Italy and
the Republic of Korea.® Canadian exports to the Republic of
Korea fell by 68% because of short-term contracting issues and
new regulations that aim to improve sustainability of supply.®'

The year 2015 saw growth and developments in industry quality
standards and sustainability certifications. ENplus, an industry
quality standard, covered 7.7 million tonnes of product in 2015,
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a rise of 1.7 million tonnes over 2014.822 In addition, in 2015
the Sustainable Biomass Partnership (SBP), an industry-led
initiative, developed and published a framework of standards
and independent certification procedures that enable companies
using biomass at a large scale to demonstrate compliance with
legal, regulatory and sustainability requirements that relate to
woody biomass.®

The production of torrefied wood/pellets, which increases the
energy density of biomass-based fuels and results in a product
compatible with systems designed for coal, also saw some
expansion during 2015. For example, In the United States, Vega
Biofuels entered into a joint-venture agreement to construct a bio-
coal manufacturing plant in the state of Georgia, which will be
operated by Agri-Tech Producers and Vencor International.®

Liquid Biofuels Industry

In contrast to solid biomass, production of liquid biofuels is focused
around a number of large industrial players with dominant market
shares. These include ethanol producers Archer Daniels Midland
(ADM), POET and Valero in the United States, and Copersucar,
Oderbrecht (ETH Bioenergia) and Raizen in Brazil &

In 2015, there was limited development of new conventional
biofuels production capacity in the principal producer markets -
the United States, Brazil and Europe - largely because existing
plants were not operating at full capacity. Total global biofuels
capacity is some 209 billion litres a year.®® With current production
of 133 billion litres, there is some 35% spare capacity. Future
demand patterns remained unclear due to regulatory and market
uncertainty, so there is little motivation for large-scale new
capacity investment.

However, new developments occurred in a number of new and
emerging markets in Asia and Africa. In Nigeria, for example,
an international funding partnership was announced with the

country’s cassava growers association to produce ethanol in 10
distilleries in different states around the country.®”

Ethanol is traded internationally, and trade patterns showed some
significant variations in 2015. US net exports of ethanol increased
by 28% compared with 2014, to 2.5 billion litres; shipments were
to Brazil, the Philippines, India and the Republic of Korea.®® The
Chinese market for ethanol imports (particularly from the United
States) has grown rapidly, influencing global trade patterns.®®

Biodiesel production is more geographically diverse than ethanol,
with production spread among a number of countries. The top
producers are the United States, Brazil, Germany, Argentina,
France, the Netherlands, Indonesia and Thailand.®® The biodiesel
industry has been affected to a significant degree by policy and
regulatory changes and by shifting patterns in international trade.
In the United States, for example, industry developments have
been subject to uncertainty about the biodiesel tax credit and an
expectation that Argentina may become a major exporter to the
country.®" In Europe, biodiesel sales are constrained by the 7%
limit introduced in 2015 on the contribution of starch-rich, sugar
and oil crops to the EU's 2020 biofuel target.®

In 2015, there was active progress in demonstrating the reliable
production of a range of advanced biofuels. These fuels offer
alternatives to conventional biofuels (produced with sugar,
starch and oils) and thereby offer the prospect of lower life-cycle
greenhouse gas emissions and reduced competition with food
production.®® A number of routes are being investigated including
the production of HVO, the use of biological processes to produce
fuels from cellulosic materials (such as crop residues), and
thermochemical processes including gasification and pyrolysis.*

During 2015, activity related to advanced biofuels was concentrated
largely in the United States, Brazil and Europe. Key players in the
ethanol, biodiesel and other bio-based industries (as well as fossil
fuel suppliers) are playing major roles in this sector, working with



technology providers, research groups and academia to develop
and bring novel processes into full-scale production.

Capacity for producing fuels by hydrogenating vegetable oils
(including used cooking oil (UCO), tall oili and others) increased
significantly in 2015.°* UPM (Sweden), for example, invested
USD 150 million to develop a plant in Finland on the same site
as the company's Kaukas pulp and paper mill, which produces
100,000 tonnes of diesel fuel from tall oil annually.?® In April 2015,
Total (France) announced an investment of some USD 220 million
to convert the La Mede oil refinery in southern France into a
biorefinery that will produce renewable diesel from UCO and
other feedstocks.”

Several additional cellulosic ethanol manufacturing plants began
production or were announced in 2015, including DuPont's plant
in the US state of lowa, which is designed to produce 140 million
litres of ethanol per year, the largest such output in the world.*®
In Brazil, Raizen's large-scale cellulose ethanol plant in Sdo Paulo
began operations in 2015 and is expected to produce 42 million
litres of cellulosic ethanol annually.®®

Progress also was made in the production of fuels through
pyrolysis and gasification of biomass during 2015. Biomass
Technology Group (Netherlands) opened a 25 MW;, pyrolysis
plant to generate electricity and process steam and to produce
fuel oil from woody biomass.® In Sweden, the GoBiGas plant in
Gothenburg became fully operational in early 2015 and is one
of the first successful large-scale examples of the production of
methane through the thermal gasification of forest biomass."”'
The process is able to run continuously thanks to developments
that avoid the build-up of tars, a persistent problem in previous
attempts to deploy this technology.

Aviation biofuels took strong strides forward in 2015. By mid-
2015, 22 airlines based in Europe, North America and Asia
had performed more than 2,000 commercial passenger flights
with blends of up to 50% biojet fuel made from used cooking
oil, jatropha, camelina, algae and sugar cane. Several airlines
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concluded long-term offtake agreements with biofuel suppliers,
most of which are reported as price-competitive.'? In the United
States, United Airlines began using advanced biofuels for its
regular operations - the first airline in the country to move beyond
demonstration flights and test programmes.’®

In the marine sector, Sweden’s Stena Line launched the world's
first methanol-fuelled ferry in March 2015.°4 Also in 2015, the
US Navy launched an initiative to deploy alternative fuels in its
operations. This includes a Carrier Strike Group (CSG) that uses
alternative fuels, a contract for 300 million litres of fuel between
October 2015 and September 2016 with AltAir Fuels, and a
grant of USD 210 million to support three firms in the building
of refineries to make biofuels using woody biomass, municipal
solid waste (MSW) and used cooking grease and oil.°® A portion
of the CSG fuels consists of biofuel made from beef fat, which
is certified as a "drop-in" replacement and requires no engine
modifications or changes to operational procedures.°®

The development and scale-up of biorefineries - facilities that
can produce several products from biomass, including energy,
chemicals and other valuable products - continued in 2015 with
growing efforts in the United States, Europe, China and, most
recently, India. For example, Godavari Biorefineries (India) raised
more than USD 14 million during the year to increase ethanol
production, while also adding specialty chemical production
capacity.'”’

Gaseous Biomass Industry

The biogas sector continued to expand in 2015. Most biogas
production is in the United States and Europe, although other
regions increasingly are deploying the technology as well%® In
Europe, the first biogas plant in Macedonia was constructed in
2015. The plant digests cattle waste and has a power generating
capacity of 3 MW. Also during the year, the European Bank for
Reconstruction and Development (EBRD) agreed to provide
USD 32 million for a biogas plant in Ukraine.'®

Anaerobic digestion plants are being deployed more widely to
treat liquid effluents and wastes in Asia, notably in Thailand and
Indonesia, where a range of waste materials - including effluents
from cassava starch production, palm oil processing and ethanol
production, as well as MSW - are being used as feedstocks."®
For example, in early 2016, the Krabi waste-to-energy project
began operation in Thailand, processing palm oil mill effluent
and producing 12,300 MWh annually, which is exported to the
neighbouring electricity grid.™

There are signs in Africa of increasing activity in biogas
production, particularly waste-based projects that involve landfill
gas, MSW and agricultural residues. The year 2015 saw the launch
of the Bronkhurstspruit project in South Africa, which produces
4.4 MW of electricity from the digestion of cattle waste and
sells the electricity to a neighbouring industrial plant - the first
such project in the region.™ In Kenya, a 2.2 MW grid-connected
digester system that uses local crop residues opened in Nakuru
Country.™ In Dakar, Senegal, animal waste at a slaughterhouse
is digested and used in a CHP system to generate electricity
and heat; it produces 800 MWh of electricity and 1,600 MWh of
thermal energy annually for internal use.™

i Tall oil is a mixture of compounds found in pine trees and is obtained as a byproduct of the pulp and paper industry.
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GEOTHERMAL POWER AND HEAT

GEOTHERMAL MARKETS

Geothermal resources provide energy in the form of electricity
and direct heating and cooling, totalling an estimated 543 PJ (151
TWh) in 2015." Geothermal direct use and electricity generation
each are estimated to account for one-half of total final geothermal
output (75 TWh each)i.? Some geothermal plants produce both
electricity and thermal output for various heat applications.

About 315 MW of new geothermal power generating capacity
was completed in 2015, bringing the global total to an estimated
13.2 GW.? Countries that added capacity during the year were (in
order of new capacity brought online) Turkey, the United States,
Mexico, Kenya, Japan and Germany.* (- See Figure 10.) Turkey
accounted for about half of new installations.

At the end of 2015, the countries with the largest amounts of
geothermal power generating capacity were the United States
(3.6 GW), the Philippines (1.9 GW), Indonesia (1.4 GW), Mexico
(11 GW), New Zealand (1.0 GW), Italy (0.9 GW), Iceland (0.7
GW), Turkey (0.6 GW), Kenya (0.6 GW) and Japan (0.5 GW).®
(= See Figure 11,)

Capacity additions in 2015 were somewhat lower in total
than in recent years. As many as 11 binary' power plants were
completed, totalling 129 MW, and another 8 single-flash plants
were completed, totalling 186 MW.°

Turkey continued its relatively rapid build-up of geothermal
power capacity, with 10 units completed in 2015, adding 159 MW
for a total of at least 624 MW.” Among the plants completed was a
4 MW binary Organic Rankine Cycle (ORC) unit by Exergy (ltaly)
that is claimed to be the world's first to operate at two pressure
levels, which increases energy recovery and overall efficiency
from low-temperature resources.® Turkey is well on its way to
meeting its goal of having 1 GW of geothermal power capacity
in place by 2023.° In 2015, the country generated 3.37 TWh with
geothermal energy, up 50% over 2014.1°

The United States added 71 MW with two binary plants (by
Ormat, United States) coming online in Nevada, bringing total
operating capacity to nearly 3.6 GW (2.5 GW,«)." Generation
in 2015 was 16.8 TWh, representing a 5.6% increase relative to
2014.2 There are some indications that significant new growth
could be unleashed if economic and regulatory conditions
improved; about 500 MW of projects are languishing in late-
stage development in the United States.”

Mexico brought online a 53 MW unit at the Los Azufres field in
early 2015 and retired four ageing wellhead units (5 MW each)
in the same location. In addition, two 5 MW wellhead plants
were installed in the Domo San Pedro field, which is Mexico's
first privately owned geothermal project.* The total net increase
for the year was 43 MW, bringing Mexico's installed capacity
to 1.1 GW.® During 2015, Mexico's energy authorities provided
additional concessions for the government's power producer
(CFE) in fields where the company already has developed
geothermal resources. However, most of the country's remaining
geothermal potential was opened for private investment and
development.’®

Kenya added at least 20 MW of new capacity in 2015 for a total
of about 600 MW."” Drilling commenced on the first phase of the
Akiira Geothermal 140 MW plant after Kenya Power signed a PPA
for its output. It is expected that the plant will be sub-Saharan
Africa's first private sector greenfield geothermal development.®
Exploration risk insurance was secured for this project; in many
cases, however, risk mitigation remains a hurdle for geothermal
development, especially in developing countries.

In late 2015, another binary plant was completed in Bavaria in
Germany, supplying 5.5 MW of power generating capability in
addition to 12 MW of thermal output.?® As of early 2016, Germany
had a concentration of several small geothermal plants around
Munich that take advantage of local low-temperature geothermal
resources to provide both heat and power.”!

Japan also added several facilities (altogether 6.8 MW) in 2015,
bringing its total capacity to 535 MW. The new plants included

i This does not include the renewable final energy output of ground-source heat pumps, which was estimated at 358 PJ (99 TWh) in 2015. See endnote 1 for

this section.

In a binary plant, the geothermal fluid heats and vaporises a separate working fluid with a lower boiling point than water, which drives a turbine for power

generation. Each fluid cycle is closed, and the geothermal fluid is re-injected into the heat reservoir. The binary cycle allows an effective and efficient
extraction of heat for power generation from relatively low-temperature geothermal fluids. Organic Rankine Cycle (ORC) binary geothermal plants use an
organic working fluid, and the Kalina cycle uses a non-organic working fluid. In conventional geothermal power plants, geothermal steam is used directly
to drive the turbine, whereas in a conventional thermal power plant, fuelled by nuclear reaction or fossil fuels, the working fluid is pure water.
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Figure 10. Geothermal Power Capacity Global Additions, Share by Country,
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three binary units; a 5 MW plant, installed by Turboden (ltaly) in
co-operation with its parent company, Mitsubishi; and a 1.4 MW
plant installed at a medical facility in Kagoshima prefecture.?? In
Tsuchiyu, Fukushima prefecture, a 400 kW unit was completed
as part of revitalisation plans following the loss of tourism to the
community’'s hot springs following the 2011 nuclear disaster.?® By
year's end, construction also was under way for a 42 MW plant
in Akita prefecture.?

In Tuscany, ltaly, the hybridisation of Enel Green Power's plant,
Cornia 2, was completed, with biomass combustion (using local
forest biomass) added to an existing facility to raise geothermal
steam temperatures from about 150°C to as high as 380°C.
Hybridisation of the plant is expected to improve power output
and efficiency by providing steam that is drier and of higher
temperature. This change added 5 MW of capacity to the plant,
and output is expected to increase by 30 GWh per year.?®

As geothermal technologies advance and as projects are
brought online in new locations, interest in the potential for future
geothermal developments continues to spread. For example,
plans appear to be gathering steam on the volcanic island of
Nevis in the Lesser Antilles. Construction was expected to begin
in 2016 on a 9 MW binary plant that could meet the power needs
of the island’s 12,000 inhabitants while displacing diesel imports
of 19 million litres (4.2 million gallons) per year.?® The neighbouring
St. Kitts also is pursuing geothermal exploration.?’

Canada does not generate power from geothermal resources, but
a recent estimation suggests that there is substantial potential in
Alberta, Yukon and British Columbia, with sufficient resources in
British Columbia to meet the province's entire power demand.?® In
response to a large expected rise in industrial electricity demand,
geothermal power (including binary plants) has been proposed
as a cost-competitive alternative to the province's proposed 1.1
GW "Site C" hydropower project.?®

Geothermal direct use - direct thermal extraction for heating and
cooling, excluding heat pumps' - was estimated at 272 PJ (75.5
TWh) in 2015. An estimated 1.2 GW, of capacity was added in
2015, for a total of 21,7 GW.2° Direct use capacity has grown
by an annual average of 5.9% in recent years, while direct heat
consumption has grown by an annual average of 3.3%.°" The
data suggest that the average global capacity factor (utilisation)
for direct geothermal heat plants was 41% in 2014, down from
about 46% five years earlier.*? This decline is explained largely by
a significant drop in indicated capacity utilisation for swimming
and bathing (subject to great uncertainty due to differences in
methods of operation), and to rapid growth in geothermal space
heating (7% annually), which exhibits below-average capacity
utilisation at 37%.%

The single largest direct use sector is estimated to be swimming
pools and other public baths, which together accounted for
nearly 45% of total geothermal heat capacity in 2015 and a
similar share of heat use (9.7 GWy, 33.7 TWh); however, these
numbers are subject to uncertainty.** The second largest sector
is space heating (including district heat networks), which was
estimated at 81 GWy, in 2015 (26.2 TWh).** These two broad

markets command around 80% of both direct use capacity and
consumption. The remaining 20% of direct use capacity and heat
output is for applications that include domestic hot water supply,
greenhouse heating, industrial process heat, aquaculture, snow
melting and agricultural drying.®

Geothermal district heating continued its relatively dynamic
growth in Europe, with several new systems completed in
2015, Eight systems were brought online in France and one in
the Netherlands, with a combined installed capacity of nearly
100 MW,.%" As of early 2016, more than 200 additional projects
were under development in Europe.3®

Many of the geothermal district heat systems being developed
in Europe are located in the Paris and Munich areas, where
low-temperature geothermal aquifers coincide with population
centres that together provide ideal conditions for geothermal
district heat development.®® Among a string of new projects in
the Paris region is the new 10 MW YGéo project on the outskirts
of the city, which is expected to be completed in 2016. These
Paris projects tap into the Dogger aquifer that runs between
Tours and Colmar. The operating temperature is relatively low,
at around 66°C, but the YGéo system will be supplemented with
heat pumps for an additional 7 MW.#°

Interest in geothermal heat in Europe has expanded in recent
years. In the Netherlands, geothermal heat use commenced in
2008. Initially, it was used primarily to serve greenhouses, but use
of geothermal heat has grown notably since, rising to 100 MW,
as of 2014, with expansion into district heating.”'

The countries with the largest geothermal direct use capacity
are China (6.1 GW), Turkey (2.9 GW4y,), Japan (2.1 GWy,), Iceland
(2.0 GW4), India (1.0 GW4,), Hungary (0.9 GWy,), Italy (0.8 GWin)
and the United States (0.6 GW.,). Together, these eight countries
accounted for about 80% of total global capacity in 2015.4?

In line with installed capacity, China utilised the most direct
geothermal heat (20.6 TWh). Other top users of direct
geothermal heat are Turkey (12.2 TWh), Iceland (7.4 TWh),
Japan (71 TWh), Hungary (2.7 TWh), the United States (2.6
TWh) and New Zealand (2.4 TWh). These countries accounted
for approximately 70% of direct geothermal in 2015. On a per
capita basis, direct use is by far most significant in Iceland,
at 22 MWh per person each year, followed by New Zealand,
Hungary, Turkey and Japan, all at 0.5 MWh per person or less.*®

i Direct use refers here to deep geothermal resources, irrespective of scale, as distinct from shallow geothermal resource utilisation, specifically ground-

source heat pumps. (See heat pumps discussed in Sidebar 4 of GSR2014.)
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Low natural gas prices in 2015 created unfavourable conditions
for geothermal energy. However, the relatively low oil prices
also reduced global demand for drilling rigs, making more rigs
available and reducing the associated costs of geothermal
exploration and development of new fields.*

In Europe, renewed calls were made to policy makers to support
geothermal energy development, primarily through technology-
neutral policy measures such as improved data collection
in the heat sector; the provision of financing that is directed
towards renewable heat and cooling; and a formal examination
of the potential for dispatchable renewable energy resources
to complement rising shares of variable renewables. Another
requirement that is specific to geothermal energy is public risk
insurance to mitigate geologic risk.® In that context, the French
government announced a new USD 54.6 million (EUR 50 million)
geothermal risk fund in 2015 that will facilitate the initiation of new
exploration efforts that carry the greatest risk profiles.*®

The industry continued to work towards broader recognition
of geothermal power as a valuable ally in the effort to integrate
larger shares of variable renewable power. In addition to serving
baseload demand, geothermal power also can balance variable
grid supply, provide system inertia, regulate voltage when needed
and assist in overall system stability.*

Some important partnerships were launched during 2015. In
October, Ormat Technologies and Toshiba Corporation signed
a strategic collaboration agreement to offer their customers
more competitive solutions, drawing on both Ormat's binary
technology and Toshiba's flash technology in a combined-cycle
configuration. The first project expected under this collaboration
is the Menengai plant, under development in Kenya.*®

In addition, Engie (formerly GDF-Suez) and Reykjavik Geothermal
(RG) announced that Storengy (Engie’s subsidiary) and RG will
pursue geothermal energy projects in Mexico, where RG was
awarded one of the first two private geothermal exploration
permits in the Ceboruco region and expects to complete a new
plant by 2018.4

Following the launch of the Global Geothermal Alliance at the UN
Climate Summit in 2014, the Alliance issued a joint statement at
COP21in Paris regarding its mission to consolidate government,
industry and other stakeholder efforts in order to significantly
increase global use of geothermal energy. The Allliance's goal is
to achieve a five-fold increase in geothermal power capacity and
a more than two-fold increase in geothermal heating, all by 2030
(relative to 2014 levels).>°

System inertia refers to the aggregate stored kinetic energy in power
generators that acts as a short-term buffer in the event of loss of power
by slowing down the frequency decline on the grid.

i Unless otherwise specified, all capacity numbers exclude pumped
storage capacity if possible. Pure pumped hydro plants are not energy
sources but means of energy storage. As such, they involve conversion
losses and are powered by renewable and/or non-renewable electricity.
Pumped storage plays an important role in balancing power, in particular
for variable renewable resources.

iii Despite slightly lower total capacity, Canada'’s baseloaded output
exceeds the more load-following output in the United States.
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HYDROPOWER MARKETS

An estimated 28 GW of new hydropower capacity was
commissioned in 2015, with total global capacity reaching
approximately 1,064 GWii! The top countries for hydropower
capacity remained China, Brazil, the United States, Canadali, the
Russian Federation, India and Norway, which together accounted
for about 63% of global installed capacity at the end of 2015.2
(»See Figure 12 and Reference Table R5.) Global hydropower
generation, which varies each year with hydrological conditions,
was estimated in 2015 at 3,940 TWh.® Global pumped storage
capacity (which is counted separately) was estimated to be as
high as 145 GW at year's end, with approximately 2.5 GW added
in 20154

As in the past several years, the most significant share of new
hydropower capacity was commissioned in China, which
accounted for about one-half of the global total. Other countries with
substantial additions in 2015 included Brazil, Turkey, India, Vietnam,
Malaysia, Canada, Colombia and Lao PDR.® (- See Figure 13.)

China commissioned 16 GW of new hydropower projects (a
26% decline relative to 2014) for a year-end total of 296 GW; in
addition, the country has 23 GW of pumped storage capacity.®
Hydropower generation in China increased for the second
consecutive year, up by more than 5% in 2015 (at 1,126 TWh).”
Hydropower infrastructure investment declined sharply for
the second year in a row, down 17% to USD 12 billion (CNY 78
billion), following a 21.5% drop in 2014.6 China is pursuing large-
scale projects including the 10.2 GW Wudongde plant, which is
targeted for completion by 2020, as well as smaller projects in
more remote regions, such as Tibet. At the same time, however,
some potential projects have not advanced because Chinese
authorities have refused construction permits for some untapped
resources on ecological grounds.®
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Hydropower capacity in Brazil increased in 2015 by 2.5 GW
(2.8%), including 2.3 GW of large-scalei hydro (>30 MW) capacity,
for a year-end total of 91.7 GW.® Despite the increase in capacity,
hydropower output, at 382 TWh, dropped again (2.7% relative to
2014) due to continuing drought conditions. Between 2011 and
2015, Brazil's hydropower output declined about 15%, even as
capacity expanded by about 11%." New capacity is being built in
a manner to improve the power system's resilience to drought.”

In 2015, 17 additional 75 MW turbines (1,275 MW) became
operational at Brazil's Jirau plant, with just over 3 GW in place
by year's end.” Jirau's sister plant, Santo Antonio (3.57 GW when
completed), also along the Madeira River, added three units
(212 MW) for a total of 2.5 GW." Two units (728 MW) came online
atthe Teles Pires plant, which will yield 1.82 GW when completed.”®
The 1.2 GW Belo Monte was partially commissioned in early
2016, with full commissioning to follow when new transmission
infrastructure is in place. Transmission lines continue to be one
of the main bottlenecks for development of renewable energy
projects in Brazil, with the majority of the country’s transmission
projects behind schedule.®

Turkey appears to be on track to achieve its target of 34 GW of
hydropower capacity by 2023; this target is part of the country's
plan to pursue all available resources to meet rapidly growing
electricity demand.” Turkey added 2.2 GW in 2015, bringing the
total to 25.9 GW."® Hydropower production has been affected by
severe fluctuations in rainfall: following a particularly dry period
and sharp drop in output in 2014, production rebounded in 2015
by nearly 66%, to 66.9 TWh.”

India ranked fourth for new installations. In 2015, the country
brought online approximately 1.9 GW of new hydropower
capacity, most (1.8 GW) of which was in the category of large-
scale hydro (>25 MW per facility), and ended the year with a total
of 47 GW. Generation in 2015 was an estimated 135 TWh; output
of large-scale facilities was 123 TWh, a drop of 5.7% from 2014.2°
Completed facilities included the 800 MW Koldam project; this
plantin the lap of the Himalayas in the northern state of Himachal
Pradesh was long-delayed due to ecological and geological
concerns.?' In the state of Uttarakhand, the 330 MW Shrinagar
run-of-river project started operation, with a portion of the plant's
output designated for local consumption at no charge.?

Neighbouring Bhutan completed the 126 MW Dagachhu run-
of-river station, the first transboundary Clean Development
Mechanism (CDM) project registered with the UNFCCC.?® All
of the plant’s output is destined for the Indian power market.®
In Nepal, construction of new plants, such as the 111 MW
Rasuwagadi and the 456 MW Upper Tamakoshi, suffered severe
setbacks due to damage from the April 2015 earthquake and its
aftershocks.?® Nepal temporarily lost 150 MW of hydropower
capability (about 30% of total), exacerbating an already severe
electricity shortfall.?®

Vietnam, which ranked fifth for installations, added a little over
1 GW of capacity in 2015. New capacity included the first of
three 400 MW units at the Lai Chau plant; when completed, it
will be Vietnam's third largest hydropower facility.?” The country
also commissioned the first of two 260 MW units at the Huoi

Quang plant, with the second to follow in 2016.2¢ Serious drought
conditions have depleted Vietnam's reservoirs and strained
hydropower production.?®

Several other countries in the region completed projects during
the year, including: Malaysia brought online the remaining
708 MW of the 944 MW Murun plant; Lao PDR finalised about
600 MW, including the 180 MW Nam Ngiep 2 plant, which has
specially designed turbines for its head height of 495 metres;
and Cambodia bolstered its inadequate electricity supply with
the 338 MW Russei Chrum River dam (financed and built by
Chinese corporations).’® Myanmar completed a 140 MW plant on
the Paunglaung River, which the government considered a major
success in dealing with challenges posed by rapidly increasing
power demand and very limited access to electricity, while
overcoming significant population resettlement challenges.®

In March 2016, on the eve of the bi-annual meeting of the
Mekong River Commission, China announced plans to release
additional water into the downstream portions of the Mekong
River, continuing into early April 2016 to help alleviate severe
water shortages in the drought-stricken downstream countries of
Lao PDR, Myanmar, Thailand, Cambodia and Vietnam.®2

In North America, the United States continued to rank third
globally for installed hydropower capacity but added only 70 MW
to its grid in 2015, for a year-end total of 79.7 GW.* The country
experienced a fourth consecutive year of decline in output due
to unfavourable hydrological conditions, with generation of 251
TWh, 7.6% below the average for the preceding decade.®

Canada completed 0.7 GW of new facilities and expansions in 2015,
raising total installed capacity to 79 GW, while maintaining output
at 376 TWh for the year.®® British Columbia's Waneta expansion
project added 335 MW to an existing facility, cost-effectively
capturing power from flow that otherwise would be spilled.®
Also in 2015, the 270 MW Romaine-1 project - the second of four
planned cascading plants - was completed in Québec.*

The Russian Federation continued to rank fifth globally for total
installed capacity, adding a net of 143 MW in 2015 for a year-end
total of 47.9 GW.* Hydropower generation (160 TWh) was down
41% relative to 2014.3° RusHydro completed several refurbishment
projects in 2015 and had plans to continue modernisation efforts
for improved reliability, efficiency and security.*® The Russian
Federation's Boguchanskaya plant, which saw completion of
the last of nine 333 MW units in late 2014, achieved an effective
capacity of 3 GW when its vast reservoir finally reached design
capacity in June 2015# Following transmission and other
plant upgrades, the effective capacity of the restored Sayano-
Shushenskaya plant (6.4 GW) increased by another 700 MW, for
a total of 51 GW.#

In Africa, Ethiopia neared completion of its 1.87 GW Gibe lll plant,
after nine years of construction, bringing 2 of the project's 10
turbines into service. Gibe Ill has one of the tallest concrete dams
(246 metres) of its type in the world.** As of early 2016, UNESCOQO's
World Heritage Centre continued to monitor the project'’s social
and ecological impacts.“* Once completed, the plant is expected
to increase Ethiopia’s electricity supply significantly and to pave
the way for the country to become a major power exporter.“®

i Brazil reports hydropower capacity separately by size category, at the thresholds of 1 MW (very small) and 30 MW (small). India reports hydropower above

a threshold of 25 MW, separately from smaller facilities.
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Other countries in Africa to add hydropower capacity included
Guinea, which tripled its capacity with the completion of the
240 MW Kaleta facility in 2015 (it is anticipated that the plant
will alleviate the country's energy shortage and also benefit
neighbours in West Africa), and Zambia, where the 120 MW Itezhi
Tezhi plant was completed.*®

Numerous small-scale hydropower projects were completed in
Brazil, India and elsewhere, including Scotland. The Isle of Mull
saw the commissioning of a 400 kW community-owned run-of-
river hydropower project in 2015. About half of the project cost
was raised through a community share offer; the expected net
return of as much as USD 3.6 million (GBP 2.4 million) over 20
years will serve the needs of the community through a local
charity.” (For more on community energy projects, see Feature.)

The World Bank remains committed to continuing its support
for well-designed and well-implemented hydropower projects of
all sizes for both local development and climate mitigation.*® In
2015, the World Bank announced its new action plan to improve
its resettlement policy, drawing on lessons learned, with the
intention of significantly improving the protection of people and
businesses that may be resettled as a result of World Bank-
funded development projects.*

Global pumped storage capacity rose by 2.5 GW, with the year-
end total estimated to be as high as 145 GW.%° China added
1.2 GW of new capacity, and Iran completed the first pumped
storage plant in the Middle East, the 1,040 MW Siah Bishe.”
Japan added storage with the completion of the second 200 MW
variable-speed unit at Kyogoku plant, on the island of Hokkaido.*?
In Europe, Austria completed construction of the 430 MW
Reisseck Il pumped storage facility in 2015, but commissioning
was delayed into 2016.%°

Opportunities for growth in pumped storage may be hampered
in some markets by regulatory restrictions. In China, however, an
estimated 27 GW of new capacity is under construction to help
reduce curtailment of solar and wind power and to accommodate
further growth in variable renewable energy.®*

HYDROPOWER INDUSTRY

Climate-related risk and rising shares of variable renewable
power are driving adaptation in the hydropower industry. During
2015, the industry continued to adapt to manifestations of climate
change - including increased glacial run-off and variability
of rainfall - through operational changes, modifications to
existing plants, and changes to the design of new hydropower
plants.®> Responses to rising shares of variable renewables
have included an increased emphasis on pumped storage and
coimplementation of hydropower with solar and wind power
plants in order to both maximise the efficient utilisation of variable
resources and conserve water resources.®®

Modernisation, retrofitting and expansion of existing facilities
continued in many locations. These developments reflect
several pressing needs across the industry, including the needs
to refurbish ageing infrastructure in many countries; maximise
resource utilisation to increase efficiency of operations; shift from
baseload operations to cycling and peak operations in many
instances; and increase storage capacity for system back-up,

reduced vulnerability to hydrological variation and improved
overall system resilience.®”

The industry approach to project financing continued to evolve in
2015 with a trend towards risk-sharing among partners. Examples
include developers taking equity shares in new projects, and
public and private parties sharing responsibility for each stage
of project development. Refinancing upon successful completion
of projects, which reduces long-term costs and frees public
funds for further development, is also becoming more common.
Although they are not yet subject to any common standards,
green bonds have become very important to the hydropower
industry because they help lower the risk profiles of projects.
Finally, the alchemy of blended finance - leveraging development
funding with private capital - has created opportunities to meet
varied development goals, such as irrigation and flood control,
while tying the objectives into the revenue-generating aspect of
hydropower development.®®

The most significant providers of hydropower equipment are
GE (United States), Andritz Hydro (Austria) and Voith Hydro
(Germany), each with about equal market shares. Together they
account for about one half of the global industry.*® Other notable
manufacturers include Harbin (China), Dongfang (China) and
Power Machines (Russian Federation).

Among notable events in the industry in 2015 was the completion
of GE's USD 10.6 billion (EUR 9.7 billion) acquisition of Alstom's
energy activities.®® Andritz Hydro reported unchanged, difficult
market conditions with a continued decline (-5.4%) in new orders,
although sales were up slightly (+4.7%) for 2015. The company
noted that relatively low electricity prices (and low energy prices
in general) led to the postponement of many modernisation and
refurbishment projects, especially in Europe.®'

Voith noted strong sales in North and South America - in Brazil
in particular, despite political instability and weak economic
conditions in that country.’2 The company's 2015 sales were
unchanged relative to 2014. Despite favourable currency
developments (due to the weak euro), however, the high orders
booked in 2014 could not be sustained, and declined by 5%.5
Voith considers the North American market promising for both
new plants and refurbishment, even though plentiful shale gas
has depressed electricity prices.®* The Asian market - including
Indonesia, the Philippines and Vietnam - gained importance
during the year.®®

With a slowdown in domestic contracts, Chinese corporations
have been increasing their involvement in hydropower-related
projects around the world. Their involvement has included both
construction and operations, and they have focused particularly
in Africa, South Asia and South America.®® In early 2016, China
Three Gorges Corporation acquired two hydropower plants in
Brazil, becoming Brazil's second largest private power producer.
The State Grid Corporation of China has committed to building
and operating new transmission lines in Brazil, including a long-
range conduit for output from the large Belo Monte project.®”
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Ocean energy refers to any energy harnessed from the ocean by
means of ocean waves, tidal range (rise and fall), tidal streams,
ocean (permanent) currents, temperature gradients and salinity
gradients.! At the end of 2015, global ocean energy capacity
remained at approximately 530 MW/, mostly in the form of tidal
power and, specifically, tidal barrages across bays and estuaries.

A commercial market for ocean energy technology has not really
developed to date because most technologies are still in various
prototype and demonstration stages. The one exception is the
application of established in-stream turbine technology in tidal
barrages. The two largest ocean energy projects are the 254 MW
Sihwa plant in the Republic of Korea (completed in 2011) and the
240 MW La Rance tidal power station in France (1966), both tidal
barrages.?

In 2015, it appeared that the proposed 320 MW Swansea Bay Tidal
Lagoon in Wales would move forward when the UK government
issued planning consent in June.® However, in February 2016, UK
authorities announced an independent review into the feasibility
and practicality of tidal lagoon energy in the United Kingdom.
The review will consider the cost-effectiveness of such projects,
potential impacts, financing options and opportunities for
competitive frameworks for project delivery.*

Most of the recent development efforts in ocean power
technologies are focused on tidal stream and wave energy in
open waters. Several new projects were launched around the
world in 2015, with most activity concentrated in Europe. As
in most years, ocean energy technology deployments were
predominantly demonstration projects.
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The year 2015 presented a mixture of tail- and headwinds for
the ocean energy industry. A number of companies continued
to successfully advance their ocean energy technologies and to
deploy new or improved devices, but at least one company had
to declare bankruptcy.

The tidal industry experienced a number of advances in 2015
with the launch of numerous projects around the world. The
Netherlands, for example, saw the completion of two notable
projects. In early 2015, Tocardo (Netherlands) installed three
grid-connected tidal turbines in a Dutch sea defense dike,
in co-operation with the Dutch Tidal Testing Center, and the
company plans to expand this 300 kW installation to 2 MW
upon further evaluation.® Later in the year, with the support of
Huisman (provider of the turbine suspension structure), Tocardo
successfully installed a five-turbine array in the Dutch Eastern
Scheldt storm surge barrier.® The project has a power output of
1.2 MW, which is adequate to supply electricity to approximately
1,000 local households. Also in Dutch waters, the BlueTEC Texel
tidal partnership launched a floating platform that carries a
Tocardo turbine and supplies power to the grid.’

Atlantis Resources (UK/Singapore) commenced construction at
the site of the MeyGen tidal stream project in Scotland in early
20152 Later in the year, Atlantis completed cable deployment to
the MeyGen site, where the first four 1.5 MW turbines were to
be installed in 2016.° By early 2016, Atlantis was advancing on
construction in Scotland of one of the four turbines - a single
Lockheed Martin-designed AR1500 - while Andritz Hydro
Hammerfest was completing the other three 1.5 MW turbines in
Germany. Both turbine designs have an 18-metre rotor diameter
and are configured for both active pitch and full yaw capability.

Tidal Energy Ltd (UK) reached a milestone when its 400 kW
DeltaStream tidal demonstration device became the first full-
scale tidal device installed in Wales, in Ramsey Sound." Also in

i This does not include all pilot and demonstration projects currently deployed, which may amount to several additional megawatts of capacity.
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Wales, the Swedish tidal stream technology company Minesto
secured USD 14.2 million (EUR 13 million) of EU funds to support
development of its Deep Green device, which operates as an
underwater kite.? Minesto partnered with Schottel Hydro, a
German turbine manufacturer that will supply turbine compo-
nents for upcoming deployments of Deep Green devices.”

Also in the United Kingdom, Sustainable Marine Energy Ltd. (UK)
installed its PLAT-O turbine platform, which the company hopes
will drive down the cost of tidal energy. The platform was fitted
with two Schottel instream turbines and installed off the Isle of
Wight, where it met all expectations." Schottel notes that there is
synergy in the combination of turbine and platform because both
are designed to be lightweight, robust and simple.”

Nova Innovation (Scotland) and its partner ELSA (Belgium)
secured additional funding from the Scottish government for a
500 kW tidal array in Shetland's (Scotland) Bluemull Sound. The
project uses Nova's 100 kW M100 direct-drive turbine, and the
first unit delivered power to the grid in early 2016,

To the south, Sabella SAS (France) launched its full-scale, grid-
connected 1 MW D10 tidal turbine off the coast of Brittany, in
the Fromveur Strait, where it supplies electricity to the Ushant
Island.”

OpenHydro (a subsidiary of DCNS, France) continued its work
off the French coast, deploying the first of two new turbines at
EDF's (France) site at Paimpol-Bréhat, following a few years
of testing'® Across the Atlantic, OpenHydro also advanced a
project at Canada’'s Fundy Ocean Research Center for Energy
(FORCE) in the Bay of Fundy, where the company was awarded
USD 4.5 million (CAD 6.3 million) to support its deployment of
two 2 MW tidal turbines with local partner Emera® The joint
venture anticipated turbine deployment in 2016.2°

Wave energy also saw progress during the year, with the
deployment of several devices in pilot and demonstration
projects in Europe, Australia, the United States and elsewhere.
AW-Energy of Finland continued to refine its WaveRoller device in
2015, with plans to deploy 350 kW commercial units in a 5.6 MW
array in Portugal in the near future.? In neighbouring Sweden, the
1MW Sotenas Wave Power Plant by Seabased (Sweden) started
generating power in early 2016. The Sotenas plant couples linear

generators on the sea floor to surface buoys (point absorbers)
and is said to be the world's first array of multiple wave energy
converters in operation.?

Off the coast of Tuscany in ltaly, 40South Energy (UK) launched
its new 50 kW H24 wave energy converter, a fully submerged
machine that is optimised to convert wave and tidal energy in
shallow waters.?

Also in 2015, Eco Wave Power (Israel) deployed its second-
generation wave energy conversion device in the Jaffa Port of
Israel?* The company also advanced on the first 100 kW phase
of a 5 MW EU-funded plant across the Mediterranean Sea in
Gibraltar; the plant is expected to meet 15% of local electricity
demand when it is completed.?®

In Australia, BioPower Systems (Australia) deployed its 250 kW
bioWAVE pilot demonstration unit off the coast of Port Fairy,
Victoria. The device is a 26-metre-tall oscillating structure that
was inspired by undersea plants; it is designed to sway back
and forth beneath the ocean swell, capturing energy.?® Another
Australian firm, Carnegie Wave Energy Ltd, moved towards
deployment of its 1 MW CETO 6 device in early 2016, a scaled-up
version of the CETO 5 deployed in 2014.%

Across the South Pacific, the US state of Hawaii, home to the
US Navy's Wave Energy Test Site (WETS), saw some progress
during the year. Northwest Energy Innovations was chosen by
the US Department of Energy to demonstrate its half-scale Azura
wave energy device for one year of grid-connected testing at
WETS, where the company implemented various improvements
that were based on previous (2012) trials.?® Other wave energy
technology developers are scheduled to test their devices at
WETS in coming years.?®

The global wave energy industry received significant support
from the Scottish Government in 2015. The government-funded
Wave Energy Scotland, which was established in late 2014 to
support development of wave energy technology, awarded over
USD 13 million (over GBP 9 million) in 2015 to multiple developers
in several countries for the advancement of innovative wave
energy technologies at various stages of development.*°

Among the most notable success stories in wave energy
conversion has been the 296 kW Mutriku plant in the Basque



Country of Spain, the first commercial wave energy plant in
Europe. Since its installation in 2011, the plant has operated
continuously and, as of early 2016, it had generated more than
1 GWh of electricity by harnessing wave-driven compressed air
(oscillating water column).®

Ocean energy technologies - both tidal and wave energy - also
are being developed actively in East Asia. Japan has established
several demonstration sites for ocean energy development with
two projects coming online in 2015, a 5 kW tidal stream unit at
Shiogama and a 43 kW wave energy project at Kuji.*> China also
is engaged in the development of both wave and tidal energy
technologies and, in 2015, had 10.7 MW of capacity installed,
including several development projects.®® The Jiangxia tidal
power plant was upgraded in 2015, from 3.9 MW to 4.1 MW.3*
Among new development projects is the 100 kW Sharp Eagle
wave energy converter, which was deployed in 2015.*> China's
experience to date indicates that the country’s tidal current
technologies exhibit significantly lower-cost structures than its
wave energy projects, but all are limited by immature technology
and lack of experience and supporting infrastructure.®®

Although the vast majority of demonstration and pilot projects
focus on extracting useful energy from the tides and waves, the
year 2015 also saw advances in the area of ocean thermal energy
conversion (OTEC). Makai Ocean Engineering (United States)
connected a new 100 kW OTEC plant - believed to be the world's
largest - to Hawaii's electric grid in August.®” Makai's research
and evaluation OTEC plant uses the temperature difference
between deep ocean water (at 670 metres) and surface water
to generate electricity, where a closed-cycle working fluid of
ammonia drives a turbine for power generation.®®

As more projects are tested around the world, it is increasingly
important to understand the potential effects of ocean energy
development on marine life. A report on the status of scientific
knowledge in this area, released in early 2016, found that the
main potential interactions between ocean energy devices and
marine animals that present ongoing concern include: risk of
animals colliding with moving components; various potential
impacts of sound propagation from ocean energy devices; and
any biological effect of electromagnetic fields generated from
underwater cables.*® Many of the perceived risks associated with
such interactions are driven by uncertainty, due to lack of data,
which continues to confound differentiation between real and
perceived risks,*

The industry continues to face a variety of challenges that were
explored by the European Commission's Ocean Energy Forum
in its 2015 draft Strategic Roadmap on ocean energy. The
document outlines the main imperatives for overcoming the
hurdles to realising commercial success for the various ocean
energy technologies. These imperatives include infrastructure
and logistical needs of the industry for technology advancement;
overcoming financing obstacles in an industry characterised
by relatively high risk and high upfront costs; and the need for
improved planning, consenting and licensing procedures.”

The relatively high development risk of ocean energy technologies
has proven the need for well-equipped test centres and other
risk-mitigating innovations. In combination with competitive
financial incentives from the US Department of Energy, the
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US Navy's recently renovated Carderock Maneuvering and
Seakeeping Basin wave simulator will be used in a government
effort to stimulate innovation, establish new companies and drive
down costs in the development of new wave energy devices in
the United States.*

Across the Atlantic, the FloWave ocean simulation test tank that
opened at the University of Edinburgh in 2014 is intended to
mitigate project risk by allowing testing of ocean energy devices
before committing to the cost of trials at sea.*® In 2015, Canadian
and UK parties launched a collaboration to develop a new sensor
system to increase understanding of the impact of turbulence on
tidal devices, and thus reduce development risk.** The European
Marine Energy Centre (EMEC) and FloWave joined forces to
simulate actual sea conditions around Orkney based on EMEC's
monitoring data, with the aim of improving test results,*

Due to difficult market conditions that include limited funding for
R&D and a constrained financial landscape in general, EMEC
characterised the year as turbulent, but noted also that new
developers were signed up for tests at the Centre.*®

Despite the many encouraging developments in ocean energy
in 2015, the industry’s challenges took their toll, and the year
witnessed consolidation in the industry as well as one closure.

Aquamarine Power (UK) announced the successful demon-
stration of its wave energy converter (Oyster 800) in early
2015, but only a few months later the company was placed in
administration due to lack of private sector backing that was
required to supplement public funding support; subsequently, the
company was dissolved.”

Atlantis acquired from Siemens AG the UK-based company
Marine Current Turbines (MCT) - the manufacturer of the
world's first utility-scale tidal stream project (the 1.2 MW SeaGen
system). In late 2015, ScottishPower Renewables joined Atlantis
as a shareholder in the Tidal Power Scotland Limited (TPSL)
project portfolio, folding into TPSL its development projects in
Scotland.*

»°
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SOLAR PHOTOVOLTAICS (PV)

SOLAR PV MARKETS

Solar PV experienced another year of record growth in 2015, with
the annual market for new capacity up 25% over 2014." More than
50 GW was added - equivalent to an estimated 185 million solar
panels - bringing total global capacity to about 227 GW.? The
annual market was nearly 10 times the size of cumulative world
capacity just a decade earlier® (- See Figure 14 and Reference
Table R6.) Although the top three markets in 2015 were responsible
for the majority of capacity added, globalisation continued with
new markets on all continents.*

Until recently, demand was concentrated in rich countries; now,
emerging markets on all continents have begun to contribute
significantly to global growth, with solar PV taking off where
electricity is needed most: in the developing world.® At the same
time, however, many former gigawatt-sized markets in Europe
installed little to no capacity in 2015.° Market expansion in most of
the world is due largely to the increasing competitiveness of solar
PV, as well as to new government programmes, rising demand
for electricity and improving awareness of solar PV's potential as
countries seek to alleviate pollution and CO2 emissions.”

Asia eclipsed all other markets for the third consecutive year,
accounting for about 60% of global additions.? Once again,
China, Japan and the United States were the top three markets,
followed by the United Kingdom.® (= See Figure 15,) Others in the
top 10 for additions were India, Germany, the Republic of Korea,
Australia, France and Canada.® By end-2015, every continent
(except Antarctica) had installed at least 1 GW, and at least 22
countries had 1 GW or more of capacity.”" The leaders for solar PV
per inhabitant were Germany, Italy, Belgium, Japan and Greece.”

China’s central government continued to raise installation targets
to increase renewable generation, address the country's severe
pollution problems and prop up the domestic manufacturing
industry.”® In 2015, China added an estimated 15.2 GW for a total
approaching 44 GW, overtaking long-time leader Germany to
become the top country for cumulative solar PV capacity, with
about 19% of the world total (- See Figure 16.) The provinces of
Xinjiang (2.1 GW), Inner Mongolia (1.9 GW) and Jiangsu (1.7 GW)
were the top markets for the year, with much of this capacity far
from the country’s population centres.”® However, six provinces in
east and central regions each had more than 1 GW of solar PV
capacity at year's end.”® Large-scale power plants accounted for
86% of total capacity, with the remainder in distributed rooftop
systems and other small-scale installations.”

The rapid increase in solar PV capacity in China, up from only
7 GW at the end of 2012, has caused grid congestion problems
and interconnection delays in the country.’® Curtailment started
to become a serious challenge in 2015, with particularly high
rates in the northwest provinces of Gansu (31% over the year)
and Xingjiang Autonomous Region (26%), and a national average
of 12%."° By year's end, insufficient grid capacity was a significant
hurdle for new plants, and investors were growing wary of the
sector due to delays in subsidy collection and problems with
solar panel quality.?® To address challenges related to curtailment,
China has urged top solar-producing provinces to prioritise
transmission of renewable energy, build more transmission

capacity and attract more energy-intensive industries to increase
local consumption.?’ Against these transmission and curtailment
challenges, solar PV generated 39.2 TWh of electricity in China
during 2015, up about 57% over 2014.?

In Japan, the boom continued with as much as 11 GW added
to the grid, bringing total capacity to an estimated 34.4 GW.%
Despite another year of record growth, the residential market
was relatively low for the second consecutive year, with 0.9 GW
connected to the grid. Commercial and utility-scale projects
again drove the market? Due to limited availability of land,
developers turned to abandoned farmland and golf courses to
site large-scale plants (an idea spreading to the United States as
well).?> Solar PV accounted for 10% of Japan's electricity demand
on some of the hottest summer days, and represented 3% of total
power generation in 2015.%

In only three years, Japan doubled its renewable energy capacity,
with solar PV making up the vast majority of the total. The large
volume of solar PV projects and their output has exceeded the
capacity of the grid, leading the government to revise regulations
and causing some utilities to refuse new interconnections and
to curtail output from existing plants without compensation.?”
However, many other entities, both domestic and foreign -
including telecommunications and gas companies, home
builders and others - scrambled to set up renewable energy
infrastructure and to begin buying solar PV-generated electricity
from homeowners in anticipation of the liberalisation of Japan's
electricity market in April 201628

Elsewhere in Asia, the largest annual market was India (2 GW),
ranking fifth globally for additions and tenth for total capacity.?®
India's year-end capacity was over 5 GW, led by Rajasthan
(1,264 MW), Gujarat (1,024 MW) and Madhya Pradesh (679 MW).%
Additions were well above 2014 but below expectations for
2015, due to project delays in several states. Even so, the
utility-scale pipeline grew rapidly, driven by the improving cost-
competitiveness of solar PV and by rising electricity demand.”
While most added capacity was in large-scale ground-mounted
projects, India's rooftop sector also expanded thanks to high
consumer awareness and favourable commercial tariffs in some
states.® The most immediate challenge for India's solar sector,
and for scaling up solar power capacity to achieve the country’s
ambitious goals (100 GW by 2022), is congestion in the grid.®

India was followed by the Republic of Korea, which added 1 GW
to end the year with 3.4 GW.** Pakistan's market (an estimated
500 MW) took off in response to national FIT payments and other
incentives enacted to help alleviate chronic power shortages and
increase reliability.** Companies flocked to Pakistan, and China
played an increasingly important role in the country’s renewable
energy expansion, including solar PV.*® Other Asian countries
with growing markets include the Philippines and Thailand (both
adding more than 100 MW).3"

Most of the approximately 20 GW installed outside of Asia was
added in North America and the EU.*® North America added 7.9
GW in 2015.%® Canada accounted for about 0.6 GW, for a year-
end total of 2.5 GW, with the rest brought online in the United
States.®

The United States also had arecord year, with solar PV installations
exceeding new natural gas capacity for the first time.”’ Nearly
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7.3 GW was installed, for a total of 25.6 GW.*> The market was
driven by a race to complete as many projects as possible before
expiration of the federal Investment Tax Credit (ITC), which in late
2015 was extended through 2021.4 The residential sector saw
the fastest growth, and direct ownership continued to increase
thanks in part to new loan products.** The utility-scale sector
remained the largest, with more than 4 GW added and almost
20 GW under development at year's end.*® Again, California led
for capacity added (3,266 MW), followed by North Carolina (1,134
MW), with Hawaii well ahead for solar penetration.*®

Solar PV is proving to be an economically competitive option for
meeting US peak power needs, with utility interest going beyond
the demand driven by state-based Renewable Portfolio Standards
(RPS).” An estimated 39% of utility capacity added in 2015 was
outside of state RPS mandates.*® The success of distributed solar
and falling costs has led some US utilities to establish their own
solar programmes - including residential and community projects
- and has led other utilities to fight for revisions or elimination of
supportive policies.*® Net metering has driven most US customer-
sited solar PV capacity and has been at the centre of regulatory
disputes in more than 20 states.*® With extension of the ITC,
the biggest challenges facing solar PV in the United States are
ongoing battles over net metering and rate design.”'

The EU market picked up in 2015 after three years of decline,
but was still far below its 2011 peak (22 GW), restrained by
a shift away from FITs and by general policy uncertainty.®?
(= See Policy Landscape chapter) About 7.5 GW was added,
bringing the region's total to almost 95 GW of operating solar
PV capacity, well ahead of all other regions.®® Three countries
- the United Kingdom (3.7 GW), Germany (1.5 GW) and France
(0.9 GW) - were responsible for more than 75% of the EU’s new

grid-connected capacity.®* Others adding capacity included the
Netherlands (450 MW) and ltaly (300 MW), where the market
was down dramatically despite the low generating costs and
supportive policies.®® Spain, which drove the global market in
2008, has virtually disappeared from the solar PV picture due to
retroactive policy changes and a new tax on self-consumption.®®

The UK rush was in anticipation of subsidy expirations and FIT
cuts, and brought total capacity to 9.1 GW.% Solar PV generation
surpassed hydropower output in 2015 and reached levels that
were not expected in the country for several more years.%®
Germany's annual market fell again (23% relative to 2014) to
levels of about a decade ago, and well below the Renewable
Energy Law (EEG) annual target of 2.5 GW.*® Germany ranked
second, after China, for total operating capacity, with 39.7 GW at
year's end.®®

Europe has become a challenging market for several reasons.
The region is transitioning from FIT incentives to tenders and
feed-in premiums for large-scale systems, and to the use of
solar PV for self-consumption in residential, commercial and
industrial sectors.®' Further, the more that solar PV penetrates the
electricity system, the harder it is to recoup project costs. So an
important shift is under way: from the race to be cost-competitive
with fossil fuels to being able to adequately remunerate solar
PV in the market.?? In addition, electricity demand is stagnating
and conventional utilities are lobbying simply to maintain their
position. Thus, electricity market design is increasingly important,
and there is a need for new business models.®®
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Figure 14. Solar PV Global Capacity and Annual Additions, 2005-2015
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Figure 15. Solar PV Global Capacity, by Country/Region, 2005-2015
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Figure 16. Solar PV Capacity and Additions, Top 10 Countries, 2015
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Figure 17. Solar PV Capacity Additions, Shares of Top 15 Countries and Rest of World, 2015
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Utilities in Australia also are facing major impacts from solar PV.
The country added more than 0.9 GW, ranking seventh globally
for new installations and ending the year with 51 GW - the
equivalent of one panel per inhabitant.% Australia’'s market has
been predominantly residential, with rooftop systems on almost
16% of homes as of early 2016, although the commercial and
large-scale sectors started to take hold in 2015.% Grid-based
electricity consumption has fallen significantly in Eastern Australia
since 2009 thanks in part to the growth of solar PV, which has
eliminated afternoon “super peaks” in electricity demand.®®

Australia’s very low wholesale electricity prices and high retail
prices are encouraging a shift to solar PV with little incentive to
sell into the grid. As a result, there is a small but growing market
for storage, and several companies started rolling out affordable
options for homeowners in 201557 Storage applications are
developing quickly in Australia as well as in several other
developed countries (e.g., Greece, Japan, Sweden) for on- and
off-grid applications, and in some developing countries (e.g.,
Bangladesh, India, Peru), particularly off-grid.®® (= See Distributed
Renewable Energy chapter,)

Latin America and the Caribbean added an estimated 1.1 GW in
2015 to more than double regional capacity.®® Chile installed over
0.4 GW, mostly in very large-scale projects, with a year-end total
exceeding 0.8 GW.” By some accounts, solar PV has become the
country's cheapest source of electricity.”” Honduras emerged as
an important market and, along with Chile, was among the top
15 countries worldwide for new installations. The country added
nearly 0.4 GW thanks to a generous FIT and to regulatory certainty
that set it apart from its neighbours.” (= See Figure 17.) Mexico and
Brazil experienced delays - due to low oil prices and anticipation
of the Energy Transition Law in Mexico, and to Brazil's difficult
economic climate and lack of transmission capacity - but both
countries plus Peru had highly competitive auctions in 2015 and
early 2016.”® Throughout the region, grid access and financing
remained key challenges to growth.™

In developing and emerging economies, obtaining financing -
and at affordable rates - is a common challenge; this is not the
case for competitive tenders, however.” In 2015, some of the
fastest growing markets were in Africa and the Middle East,
where deployment is driven by rapidly falling costs, good solar
resources, the desire to reduce energy imports, rapidly growing
energy demand and the need to expand energy access.” Although
the Middle East had relatively little capacity in operation at year's
end, much was happening in the region.”” Jordan and the United
Arab Emirates held tenders for solar PV in 2015 with record-low
bids, and launched several large projects.”® Israel added 0.2 GW
for a total approaching 0.9 GW, and others developing projects
included Kuwait, the State of Palestine and Saudi Arabia.”®

Countries are turning to the sun across Africa as well, with projects
ranging from very small to large-scale, both on- and off-grid.®®
Leadersfor new capacity were Algeria (adding almost 0.3 GW) and
South Africa (0.2 GW), which ended the year with 1.1 GW.®' Egypt
has a burgeoning sector with increasing numbers of international
companies announcing plans to finance, develop and construct
up to 3 GW of solar PV projects.®? Projects also were under way
in Djibouti, Kenya, Mali, Morocco, Mozambique, Namibia, Nigeria,
Rwanda, Tanzania and Zambia, among others.®* The global off-
grid solar PV market is estimated at USD 300 million annually,
with the strongest growth in sub-Saharan Africa, followed by

South Asia.®* However, the African continent faces challenges as
it rapidly scales up solar PV installations, including a shortage
of skills necessary for installation, operation and maintenance.®

Around the world, the number and size of large-scale plants
continued to grow.®® By early 2016, at least 120 (up from 70 a
year earlier) solar PV plants of 50 MW and larger were operating
in at least 23 countries, with Australia, Denmark, Guatemala,
Honduras, Kazakhstan, Pakistan, the Philippines and Uruguay all
joining the list during the year.®” Latin America saw the fastest
growth, with the number of plants 250 MW increasing from 2 to
10.%8 The world's 50 biggest plants as of February 2016 reached
cumulative capacity exceeding 13.5 GW.® At least 33 of these
came online (or achieved full capacity) in 2015 and early 2016,
including the US Solar Star project (750 MW) and, by some
accounts, phase two of China’s Longyangxia hybrid hydropower-
solar PV plant (boosting the total to 850 MW).*°

The market for concentrating PV (CPV) is young and remains
small, but there is interest in niche markets due greatly to higher
efficiency levels in locations with high direct normal insolation
(DNI) and low moisture.® CPV includes an optical system to focus
large areas of sunlight onto each cell and usually is combined
with a tracking system.?? After a number of installations came
online during 2012-2014, many projects were cancelled, and little
new capacity was added during 2015.% By end-2015, global CPV
capacity totalled 360 MW, most of which is high-concentration
systems.®

Solar PV plays a substantial role in electricity generation in some
countries. During 2015, solar PV met 7.8% of electricity demand
in Italy, 6.5% in Greece and 6.4% in Germany.®® By year's end,
Europe had enough solar PV capacity to meet an estimated
3.5% of total consumption (up from 0.3% in 2008) and 7% of
peak demand.®® An estimated 22 countries (including several in
Europe as well as Australia, Chile, Israel, Japan and Thailand) had
enough solar PV capacity at end-2015 to meet more than 1% of
their electricity demand.”” By the end of 2015, China had achieved
100% electrification in part because of significant off-grid solar
PV systems installed since 2012.°¢ Global capacity in operation at
year's end was enough to produce close to 275 TWh of electricity
per year.%
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The solar PV industry recovery further strengthened in 2015 due
to the continued emergence of new markets and to strong global
demand. Most top-tier companies were back on their feet in
2015, and strong demand and relative price stagnation helped to
consolidate the positions of leading companies.’ It was another
challenging year in Europe, however, where shrinking markets
in most countries left many installers, distributors and others
struggling to stay afloat, and companies diversified risk by moving
downstream (e.g., into operation and maintenance, O&M) and
focusing on markets elsewhere.” Low module prices continued
to challenge many thin film companies and the concentrating
solar industries, which have struggled to compete.'*? International
trade disputes also continued.’®

Average module prices fell further in 2015, but less rapidly than
during the 2008-2012 period.® Spot prices for multicrystalline
silicon modules were down about 8% year-over-year to
USD 0.55/Watt and below.™ The industry continued to
focus on soft costs (non-hardware) through optimisation and
improvements of equipment, including: reducing mechanical
mounting parts; using robotic technology for installation and
maintenance; developing “smart” modules that help optimise
output, and 1,500 volt modules that reduce transmission losses.'*®
Soft costs continued their decline, due also to improved module
efficiency and to an increase in average system size.'”” Soft costs
still differed significantly depending on project location and
scale: for example, they were higher in the United States than in
Australia, China, Germany or even Japan.'°®

Record low bids in tenders show that solar PV is competitive - or
expected to be when projects are built - in several locations.'®®
Brazil, Chile, India, Jordan, Mexico, Peru and the United Arab
Emirates all saw very low bids for unsubsidised solar PV in
tenders in 2015 and early 2016, including Dubai's contract to
ACWA Power (USD 58.5/MWh) in early 2015, and winning bids in
Peru (the lowest was under USD 48/MWh) and Mexico (average
of USD 45/MWh) in early 2016.™ The year also brought record
lows in Germany, with contracts signed for under USD 87/MWh
(EUR 80/MWh), and PPAs for utility-scale solar in the United
States in the range of USD 35-60/MWh (including the national
tax credit).™ Distributed rooftop solar PV remains more expensive
but has followed similar price trajectories, and is competitive with
retail prices in many locations."

Global production of crystalline silicon cells and modules rose in
2015. Mono-crystalline cells and modules continued to gain share
(about 25% in 2015) from multi-crystalline cells during the year™
Estimates of cell and module production, as well as of production
capacity, vary widely; increasing outsourcing and rebranding
render the counting of production and shipments more complex
every year™ Preliminary estimates of 2015 production capacity
exceeded 60 GW for cells, and ranged from about 63 GW to
69 GW for modules™ Thin film production increased by an
estimated 13%, accounting for 8% of total global PV production
(down from 10% in 2014)."

China has dominated global shipments since 2009."” By 2015,
Asia accounted for 87% of global module production, with China
producing about two-thirds of the world total.™ Europe's share
continued to fall, to about 6% in 2015, and the US share remained
at 2%." Among the leading module manufacturers were several
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Chinese companies, including Trina, JinkoSolar, JA Solar, Yingli,
SFCE (formerly Suntech) and ReneSolar; other top manufacturers
included Canadian Solar (Canada), Hanwha Q-Cells (Republic of
Korea), First Solar and Sunpower Corp. (both United States).®
There are also rising numbers of manufacturers that shipped
around 1 GW each during 2015.”'

To meet growing demand and better serve new markets (in some
cases driven by domestic content laws), and to avoid import tariffs
in some countries, manufacturers increased production capacity
around the world, particularly for module assembly.?> New
module manufacturing facilities began operation during 2015
in several countries (including Algeria, Brazil, Egypt, Iran, South
Africa and Thailand), while expansion plans were announced or
under way in several others (including China, Germany, India,
Japan, Saudi Arabia and the United States).?® By year's end,
according to company announcements, top manufacturers
were constructing almost 7 GW of new factory capacity, aiming
to expand in-house to reduce the need for outsourcing and to
crowd out smaller competitors.'*

Consolidation continued in 2015, but there were far fewer
victims than in the high period of 2011-2012. Many solar product
manufacturers in China had low profit margins, too much
production capacity and significant debt.?® Tianwei (China)
defaulted on an interest payment for a domestic bond and then
collapsed, Yingli required a government bailout, and Hanergy
came under investigation by Hong Kong's Securities and Futures
Commission.”® Power production curtailment and delay of
subsidy payments forced some project developers in China to
sell projects and halt further development.”?’

In the United States and Europe, a handful of companies -
including manufacturers of modules, trackers and microinverters
- closed, became insolvent or were acquired in less-than-positive
circumstances.”® SunEdison's (United States) reversal of fortune,
due largely to large acquisitions that increased debt and to a steep
decline in the value of two yieldcos (see below), was the year's
biggest loss, and the company filed for bankruptcy in April 2016.%%°
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Mergers and acquisitions, as well as new partnerships, continued
among manufacturers and installers as part of the trend to enter
other markets (locations or applications) or to capture value in
project development® For example, Shunfeng International
(China), the owner of once-bankrupt Suntech, acquired a majority
stake in Suniva, gaining the opportunity to operate in the United
States.”® Canadian Solar purchased Recurrent Energy (United
States) from Sharp (Japan) to move further into construction and
to boost demand for its products.®? SunPower acquired Cogenra
(both United States) to build a new line of modules to tap into
markets in Africa, China and India."*® The Chinese government
continued to push for mergers and acquisitions among domestic
solar manufacturers.’®*

Market consolidation also continued among O&M providers in
2015.% Most leading solar PV manufacturers have expanded
downstream into project development and into engineering,
procurement and construction (EPC) to keep more business
in-house and reduce costs, and many EPCs (including
manufacturers) have moved into O&M of the plants they
construct.®® In 2015, European-based EPC companies continued
looking towards growth markets, particularly in Japan, the United
States and in the Middle East.*” The market for megawatt-scale
O&M sustained its rapid growth as more plants aged out of
warranty coverage, and because the industry remains attractive
even when construction slows (as in Europe).®® By the end of
2015, the global megawatt-scale O&M market exceeded 130
GW."* New trends that became more apparent during 2015 are
the growing split between O&M for large-scale projects, and the
increased interest of inverter companies in the O&M business.*°

Several strategic partnerships were established, including:
SoftBank Group (Japan) and Sharp joined forces with the aim
of dramatically reducing installation and maintenance costs;
leading US installer SolarCity partnered with DirecTV and the
home automation company Nest; and US rooftop developer
Sungevity teamed with E.ON to advance initiatives in Europe.' In
addition, several partnerships focused on energy storage options
for commercial and residential markets in Australia, Japan, the
United States, some European countries and elsewhere.'*?

The year 2015 saw the formation of several new yield companies
(yieldcos). They accounted for nearly one third of large-scale
project acquisitions during the second quarter™® But after

soaring in early 2015, the value of many yieldcos plummeted mid-
year, largely in response to declining crude oil prices, prompting
many companies to attract investors in other ways.'*

Other innovative financing options and business models -
including solar leases, behind-the-meter PPAs, green bonds
and crowdfunding - continued to spread, reducing barriers to
customer adoption while increasing the potential for profits.“®
An increasing number of firms - including solar developers
and installers, investment companies and major banks - have
entered the solar financing market, particularly in the United
States.*® New online investment platforms are enabling people
to invest in solar PV projects around the world¥ In late 2015,
CrossBoundary Energy (United States/Kenya) announced the
first close of a dedicated fund for commercial and industrial solar
in Africa through SolarAfrica (United Kingdom).*

Innovations also focused on technology improvements including
streamlining manufacturing processes, lowering costs through
materials substitution, reducing environmental impacts and
improving efficiency.* Efficiency records were achieved for new
cells and modules, some of which were set to begin production in
2016.1%° Perovskites! furthered their rapid advance, with efficiency
increasing five-fold in six years, but hurdles remain before they
can be commercialised.”” For the near term, Passivated Emitter
and Rear Celli (PERC) coating technology shows promise for
increasing cell efficiency in standard production processes.®
Innovations also continued in areas such as solar windows,
spray-on solar and printed solar cells, and both Merck (Germany)
and Emirates Insolaire (United Arab Emirates) announced the
availability of new building-integrated solar PV (BIPV) products
for the fagades of buildings®®* Although they remain a niche
market, “smart” and AC modules' - incorporating electronics
to maximise output - were offered by an increasing number of
module makers in order to differentiate their products.'® (For
information on another development, PV-T, see Solar Thermal
Heating and Cooling section.)

By late 2015, several energy storage management system vendors,
startups, major inverter makers (including Enphase (United
States) and SolarEdge (Israel)), grid vendors and battery makers
(e.g., Tesla, NEC and Panasonic) were involved in advancing
storage in the solar PV sector.®® US thin film manufacturer First
Solar joined other solar companies - including SunPower and

i Perovskite solar cells include perovskite (crystal) structured compounds that are simple to manufacture and are expected to be relatively inexpensive to
produce. They have experienced a steep rate of efficiency improvement in laboratories over the past few years.

i PERC is a technique that reflects solar rays back to the rear of the solar cell (rather than being absorbed into the module), thereby ensuring increased

efficiency as well as improved performance in low-light environments.

il Modules with integrated alternating current (AC) inverters that enable them to generate grid-compatible AC power.



Sharp - in the storage market by investing in the startup Younicos
(Germany), which develops software to control batteries.® Most
solar PV installers offered energy storage solutions to German
customers during 2015, and energy storage was offered with
commercial solar systems in some US markets™ Sonnen
(formerly SonnenBatterie; Germany) launched its solar-plus-
storage systems for customers in Australia, Germany and the
United States to compete with Tesla's (United States) Powerwall
system, also introduced in some markets in 2015.1%8

Even as technologies advanced, the poor quality of some cells
and modules continued to raise concern, with reports of modules
as young as two years old failing in the field.® In China, the rate of
module failure (and replacement) accelerated in 2015."° In some
developing and emerging countries, uncertainty about energy
yield has contributed to reluctance to provide financing, which is
holding back development.®!

Inverters address active system functions - such as power
conversion and active grid support - and (especially for central
inverters) pose the greatest risk to overall system reliability. Thus,
manufacturers are working to improve long-term reliability and
system-prediction methods.®> New inverter products provide
more functions, such as safety and storage management, to
appeal to a broader customer base and provide needed grid
services.®® In 2015, several companies launched partnerships or
products to help integrate solar PV systems with batteries: for
example, Enphase launched a next-generation management
system, and SolarEdge collaborated with Tesla to provide
an inverter that is compatible with Tesla's Powerwall battery,
launching the product in early 2016.%* A proliferation of virtual
power plants, especially in Germany and the United States, and
growing demand for integrated home systems is forcing inverter
manufacturers to make “smarter” systems.'®® There is also a trend
towards 1,500-volt direct current inverters, which reduce power
loss during transmission.'s®

Rising competitiveness in the inverter industry, a shift to utility-
scale installations and increased acceptance of Chinese products
has put price pressure on the global inverter market. Even as
demand increased in 2015, prices declined.®” Both Enphase and
SMA (Germany) restructured and laid off staff in 2015.'® Even so,
SMA sold its one-millionth Sunny Boy TL inverter in June, after
30 years in the business, and saw strong demand in overseas
markets.®® A few months later, KACO (Germany) and the Saudi
Arabian Advanced Electronics Company (AEC) launched Saudi
Arabia's first inverter manufacturing line.””°

The CPV industry had another challenging year. Despite
record module and cell efficiencies of CPV technologies, and
declining system prices since its introduction to the market,
CPV has not achieved economies of scale and has been unable
to compete with falling prices of conventional solar PV."" Most
notably, in early 2015, Soitec (France) announced plans to exit
the industry.”? Suncore (China) also announced plans to halt
CPV module production, and Silex Systems (Australia) stopped
operations in late 2015; by early 2016, the industry was in crisis
following the exit of its largest manufacturers and was in the
process of restructuring.” Those remaining in the industry were
working to improve products and to expand their focus, including
actively marketing in the MENA region and China, and forming
partnerships to expand project pipelines.”
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CONCENTRATING SOLAR THERMAL
POWER (CSP)

CSP MARKETS

2015 was a year of challenges and changes for concentrating
solar power (CSP), also known as solar thermal electricity (STE).
Capacity growth in the CSP market decelerated somewhat in
2015, Global operating capacity increased by 420 MW to reach
nearly 4.8 GW at year's end.! (= See Figure 18 and Reference
Table R7.) Nonetheless, a wave of new projects was under
construction as of early 2016, and several new plants are expected
to enter operation in 2017.2

The year was a turning point in market expansion beyond Spain
and the United States, which account for nearly 90% of installed
CSP capacity.® By year-end, facilities were under construction
in Australia, Chile, China, India, Israel, Mexico, Saudi Arabia and
South Africa.* Morocco and South Africa surpassed the United
States in capacity added, with Morocco becoming the first
developing country to top the global CSP market.®

Whereas early commercial CSP development focused entirely
on parabolic trough technology, markets now are balanced
fairly evenly between parabolic trough and tower technologies.
Fresnel and parabolic dish technologies have become largely
overshadowed.® For the first time, all of the facilities added in 2015
(as well as facilities added in early 2016) incorporated thermal
energy storage (TES) capacity, a feature now seen as central to
maintaining the competitiveness of CSP through the flexibility of
dispatchability.”

Morocco was highly active and brought the 160 MW Noor |
plant online.! Noor | forms part of the 500 MW multi-stage
Noor-Ouarzazate CSP complex, which is expected to be fully
operational by 2018.°

South Africa brought its first commercial CSP capacity online in
2015 with the 100 MW KaXu Solar One facility and the 50 MW
Bokpoort facility® A further 50 MW was added in early 2016
when the Khi Solar One facility came online, bringing South
Africa’s total capacity to 200 MW; an additional 200 MW also
was under construction." Grid access in areas of high insolation
has emerged as a key challenge for South African CSP projects,
many of which are being planned in regions with constrained
transmission networks.”

The United States followed, adding the 110 MW Crescent Dunes
facility to end the year with more than 1.7 GW in operation.® This
followed a record year in the country in 2014, during which almost
0.8 GW was brought online As of early 2016, no new CSP
capacity was under construction in the United States. Permitting
challenges, a surging solar PV sector and low natural gas prices
have resulted in indefinite delays to several large CSP projects.”®

Spain remains the global leader in existing CSP capacity, with 2.3
GW at year's end. However, no capacity came online in 2015, and,
as of early 2016, no new CSP facilities were under construction or
being planned or developed in the country.®

While Noor | in Morocco was the highlight for the North
African market, developments also were under way in other
countries in the region. For example, in early 2016, Egypt
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Figure 18. Concentrating Solar Thermal Power Global Capacity, by Country/Region, 2005-2015
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announced 14 prequalified bidders (including numerous MENA-
based developers) for a 50 MW facility.”” In Algeria, where the
government announced plans in 2015 to develop 2 GW of CSP by
2030, a number of new projects were in the development stage.®

In the Middle East, construction started on Israel's 121 MW
Ashalim Plot B facility. Commercial operation is expected in 2017,
and an additional 110 MW phase is expected to come online in
2018.”® In Saudi Arabia, Integrated Solar Combined Cycle (ISCC)!
facilities under construction in Duba and Waad Al Shamaal will
incorporate 50 MW each of CSP technology when they enter
operation in 2017 and 2018, respectively.?® As domestic energy
demand rises in Saudi Arabia, CSP is considered a strategically
important technology for maintaining the country’s status as a
fossil fuel exporter.”

China's proposed CSP target of 5-10 GW by 2020 came amidst
a flurry of development activity.?? Construction at the 50 MW
Qinghai Delingha facility commenced in late 2015.2° The facility,
which will mark the country's first commercial CSP plant, is
expected to come online in 2017.%* Additional facilities totalling
several hundred megawatts are in various stages of construction,
although timelines for completion remain unclear.?® Elsewhere
in Asia, India's 25 MW Gujarat Solar One facility entered
construction after significant permitting delays.?®

In Latin America, construction continued on Chile’s 110 MW
Atacama 1 plant.?” Chile saw a notable milestone for CSP when a
hybrid CSP/PV facility (incorporating 100 MW) won a baseload
tender that also was open to combined-cycle gas technology.?®

CSP continued its push into developing markets with high DNI
levels and specific strategic and/or economic alignment with
the benefits of CSP technology. In this respect, CSP is receiving
increased policy support in countries with limited oil and gas
reserves, constrained power networks, or strong industrialisation
and job creation agendas, including South Africa, Morocco and
China.?

i Integrated Solar Combined Cycle facilities are hybrid gas and solar plants that utilise both solar energy and natural gas for the production of electricity.



CSP INDUSTRY

It was a watershed year for industry as companies adapted to the
shift of CSP markets. The continued stagnation of the Spanish
market, along with a long predicted slowdown in the United
States, resulted in increased capacity building in new focus
markets, Established CSP players created new partnerships and
invested in assets in new markets, while local industrial activity
emerged in South Africa, the MENA region and China.®®

Recognising CSP's potential for local manufacturing, engineering
and skills development, many countries - including Morocco,
Saudi Arabia, South Africa and the United Arab Emirates -
continued to promote or enforce local content requirements in
their CSP programmes during 2015

Abengoa, the industry's largest developer and builder, faced
bankruptcy proceedings before reaching an agreement with its
creditors and avoiding liquidation in early 2016.°> The company's
rising debt was partially a result of Spanish energy reforms enacted
in 2013, which reduced feed-in tariffs for CSP facilities.*® As of early
2016, the company was expected to dispose of equity in several
CSP facilities as it restructured its operations over the year.3*

Nonetheless, Abengoa and Saudia Arabia's ACWA Power led
the market in ownership of projects that either commenced
operations or were under construction during 2015.%% As a
developer, owner and operator, ACWA continued to make
strong inroads into the global CSP market, most notably through
projects in South Africa and Morocco.*®

Other top companies in 2015, including those engaged in
construction, operation and/or manufacturing, were Rioglass
Solar (Belgium); Acciona, ACS Cobra, Sener and TSK (all Spain);
and Brightsource, GE and Solar Reserve (all United States).*

Leading manufacturer Schott Solar (Germany) sold its
CSP receiver business to Rioglass Solar, the world's largest
manufacturer of CSP mirrors with plants in Chile, Israel, South
Africa, Spain and the United States.*® Rioglass Solar previously
purchased the CSP receiver business of Siemens (Germany)
in 2013.*® GE acquired the power business of Alstom (France)
- including the company’s CSP business - towards the end of

2015.%

Developers continued to focus on larger plants, with many facilities
exceeding 100 MW in size. South Africa increased the size limit of
CSP plants under its Independent Power Producer Procurement
programme from 100 MW to 150 MW.#' These larger plants are
being developed increasingly in water-scarce regions, so most
new facilities are making use of dry cooling technology to reduce
water consumption as well as environmental impact.*?

Almost all new CSP plants are being developed with TES systems,
and global storage capacity is on the rise. The US Crescent
Dunes facility represented a major step forward in this regard:
with 10 hours of storage, the plant is capable of generating power
at any time of day or night for half of the year.** In Morocco, the
storage capacity planned for the Noor Il facility, currently under
construction, was increased from three to seven hours.*

Faced by competition from solar PV due to its rapidly declining
prices, the CSP industry has focused increasingly on maximising
value through TES systems that provide dispatchable power.*®
Research conducted by the US National Renewable Energy
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Laboratory (NREL) on California power markets found that a
large fraction of the value of CSP operating with TES appears
to be derived from its ability to provide firm system capacity;
this is especially the case where the penetration of variable
renewables is high, or where there is a shortage of baseload
capacity.*®

Under South Africa's competitive bidding process, decreasing
price caps coupled with strong competition resulted in a
reduction of CSP bid prices by nearly 40% from round one (in late
2011) to round three (in late 2013) of the procurement process.*
This trend was expected to continue with the announcement of
new preferred bidders, originally scheduled for early 2016.%% In
Morocco, the next phases of the Noor Ouarzazate CSP complex
will operate at significantly lower tariffs than other operational
facilities in the region as a result of cheaper debt and learnings
from the first phase.® A shift to cheaper component suppliers
and the establishment of partnerships between leading CSP
technology companies and Chinese counterparts also are
helping to reduce costs.*°

R&D in the CSP sector is being driven by both private and
public entities, often through partnerships between leading CSP
firms or between private groups and government programmes.
Improvements and cost reductions in TES continue to be strong
focus areas of these activities. Related research programmes,
some of which focused on novel storage media such as sand
and concrete, were under way during 2015 in several countries,
including Italy, the United States and the United Arab Emirates.®

R&D programmes backed by the United States and the United
Arab Emirates concentrated on improving CSP efficiency
through the application of higher-temperature processes, which
allow the more efficient transfer of heat and conversion of energy.
Related research in 2015 was focused largely on the development
of materials capable of housing high-temperature processes.®?

Other
reductions in CSP components, including heliostats and mirrors;
the reduction of water usage in both steam/power generation
and mirror cleaning; and the reduction of land requirements for
CSP systems.5®

research was directed towards incremental cost
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SOLAR THERMAL HEATING
AND COOLING

SOLAR THERMAL HEATING/COOLING MARKETS

Solar thermal technology is used extensively in all regions of the
world to provide hot water, to heat and cool space, and to provide
higher-temperature heat for industrial processes. Global capacity
of glazed and unglazed solar thermal collectors continued to rise in
2015. The 18 largest markets in 2015 are spread across all continents
and represent 93-94% of total the year's global additions.! (- See
Figure 19 and Reference Table R8.) In 2015, their newly installed
capacity totalled an estimated 37.2 GWy, (53.1 million m2), down
14% from the 43.4 GWjy, installed by these countries in 2014.2

The continued slowdown in 2015 was due primarily to shrinking
markets in China and Europe. Despite the overall negative trend,
significant market growth was reported from Denmark (up 55%
over 2014), Turkey (10 %), Israel (9%), Mexico (8%) and Poland (7%).2

Among the top 18 countries, vacuum tube collectors made up 76%
of new installations, flat plate collectors 20% and unglazed water
collectors (mostly for swimming pool heating) the remaining 4%.*
These additions brought total global solar thermal capacity to
an estimated 435 GWy, (622 million m?) at the end of 2015, up
from 409 GWy, one year earlier.® (= See Figure 20,) There was
enough capacity by year's end to provide approximately 357 TWh
(1,285 PJ) of heat annually.®

The top countries for new installations in 2015 were China, Turkey,
Brazil, India and the United States, and the top five for cumulative
capacity at year-end were China, the United States, Germany,
Turkey and Brazil.” (= See Figure 21 and Reference Table R8.) Of
the top 18 installers, the leading countries for average market
growth between 2010 and 2015 were Denmark (34%), Poland
(14%) and Brazil (8%); the most significant market decline over
this period was seen in France (-17%), Austria (-14%) and ltaly
(-14%).%

China again was the largest market by far in 2015, with gross
additions of 30.45 GWy, (43.5 million m2) - 21 times more
capacity than was added in second-placed Turkey.® At year's
end, China's cumulative capacity in operation was an estimated
309.4 GWyy,, or about 71% of the world's total® China's market
contracted for the second consecutive year - falling 17%
in 2015, after an 18% drop in 2014 - due to the slowdown in
the construction industry and the weak national economy.”
Vacuum tubes continued to dominate the Chinese market in
2015, accounting for 87% of added capacity; however, flat plate
collectors were again popular, especially for roof and fagade
integration in urban areas.”

Even though Turkey provides little policy support for solar
thermal technologies, annual installations were up 10% in 2015,
to an estimated 1.47 GWj, (2.1 million m2). These new installations
were delivered by a strong supply chain that includes about 800
sales points and around 3,000 specialised installers.” The share
of vacuum tube collectors increased again in 2015, to 49% (44%
in 2014), up from almost zero 10 years earlier.

Brazil ranked third for new installations in 2015, with 982 MWy,
(1.4 million m2) of glazed and unglazed collectors.® However,
deployment remained below expectations, with the market
down by 3% relative to 2014; this compares with Brazil's high
average annual growth rate of 8% between 2010 and 2015.°
Constraints on the market included the national economic crisis,
which reduced investment and purchasing power, and delay in
implementing the next phase of the social housing programme
Minha Casa Minha Vida.”

India was fourth for new installations. Although there is high
uncertainty regarding the market volume in fiscal year 2015-2016,
preliminary estimates show that the market was stable compared
to the previous year, when 826 MWy, (118 million m2) of capacity
was installed, and the share of vacuum tube collectors was
around 80%."® A temporary reduction in demand has resulted
from the suspension of India's national grant scheme in 2014.
As of early 2016, India's government and solar thermal industry
were discussing new support measures and, as a consequence,
a renewable heating obligation was being drafted that, if enacted,
would be the first of its kind worldwide.”

The United States was the fifth biggest market for solar thermal
collectors in 2015 and the world's largest market for unglazed
collectors for swimming pools, followed by Brazil (427 MWy,)
and Australia (280 MWy4,).2° The unglazed segment accounted
for 87% of US cumulative solar thermal capacity of 17 GWyy, at
the end of 2014.%" In the significantly smaller segment of glazed
collectors, a capacity of 119 MW4y, was added in 2015; this was
down 7% (after falling 19% in 2014) in response to low oil and
gas prices and an increased focus on solar PV, driven by strong
marketing efforts by solar PV system providers.?

In the EU-28, the market volume dropped again in 2015 (down
6%), to an estimated 1.9 GWjy;, (2.7 million m?), following a 7%
decline in 2014. The EU's total installed capacity in operation
at the end of 2015 was approximately 33.3 GWy, representing
around 8% of the world's total.?

With the exception of Denmark and Poland, all major European
solar thermal markets contracted significantly in 2015: Austria’s
market shrank by 12% relative to 2014, and declines also were
seen in Germany (-10%), Spain (-6%), Italy (-<15%) and France'
(-33%).22 Following 19% market growth in 2014, Greece
maintained the same volume (189 MWy, 270,000 m?) in
2015, and its exports increased by another 7% (to 202 MWy,
288,571 m?) thanks to rising demand in the MENA region.?

Low oil and gas prices contributed significantly to the shrinking
markets seen in much of Europe. In Germany, for example, low
fuel prices drove up sales of gas- and oil-condensing boilers (by
7% and 30%, respectively); by contrast, the solar thermal market
contracted by 10% to 100,500 systems, for a total of 564 MWj;,
(806,000 m2) added during the year.?” This significant reduction
occurred despite an increase in Germany's national incentive
programme in April 2015, Additional challenges for Italy,
Spain and France included bureaucratic processes associated
with national subsidy schemes, a slowdown in the housing
industry and increased competition from other renewable heat
technologies.®

i Metropolitan France only, which includes mainland France and nearby islands in the Atlantic Ocean, English Channel and the Mediterranean Sea (not

Overseas France).
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Figure 19. Solar Water Heating Collectors Additions, Top 18 Countries for Capacity Added, 2015
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Figure 20. Solar Water Heating Collectors Global Capacity, 2005-2015
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Figure 21. Solar Water Heating Collectors Global Capacity,
Shares of Top 12 Countries and Rest of World, 2014

Brazil 1.9%
Australia  1.4%
India 1.3%
Austria 0.9%
Israel 0.8%
Greece 0.7%
Source: Italy 0.7%

IEA SHC.

See endnote . . . Japan 0.6%
7 for this o o o
section. 4 A 3 A) 3 A)

United Germany  Turkey
States

Data are for solar water collectors only (not including air collectors).
RENEWABLES 2016 - GLOBAL STATUS REPORT

7




02 MARKET AND INDUSTRY TRENDS

72

See endnote 31
for this section.

Over the last five decades, the primary application of solar
thermal technology globally has been for water heating in single-
family houses; the residential segment accounted for 63% of
the total installed collector capacity at the end of 2014 (the most
recent data available).*® In recent years, however, markets have
been transitioning to large-scale systems for water heating in
multi-family buildings and in the tourism and public sectors. In
2014, this commercial sector accounted for only 28% of the total
collector capacity in operation worldwide, but it represented 50%
of newly installed collector capacity.® (= See Figure 22,

The transition from single-family houses to the commercial sector
continued during 2015 in many countries around the world.*> The
best examples were China and Poland, where the commercial
markets grew rapidly, whereas the residential sector declined
drastically.®® In China, solar thermal systems for multi-family
houses, tourism and the public sector accounted already for 61%
of newly installed collector area in 2015.% In Poland, the major
market driver was larger systems in public buildings, financed
with international funds. While such projects saw an increase
of up to 10% in volume relative to 2014, the residential segment
declined significantly in response to the national residential
subsidy scheme that favours solar PV.%

The use of solar thermal for space heating also continued to
gain ground, particularly in Europe, where an increasing number
of large-scale solar thermal systems feeds into district heating
grids. As in past years, Denmark dominated Europe’s solar district
heating market in 2015. Beyond Denmark, only three other district
heating installations larger than 350 kWih went into operation:
Austria, Italy and Sweden each brought one plant online.

Denmark brought 17 new and 3 expanded solar district heating
plants (totalling 187 MW4n) into operation in 2015; this compares
with only 7 MWih of solar water heaters installed in single-family
houses during the year.¥” At year's end, Denmark had 79 solar
district heating plants in operation, with a combined capacity of

577 MWhin; an additional 364 MWhih of large-scale solar heating
systems was in the pipeline.®® Denmark’s situation is unique in
that it has inexpensive and sufficient land in the vicinity of its
municipalities; taxes on fossil fuels; and cost-effective mounting
systems developed by the domestic industry for large ground-
mounted collector fields.*®

At the end of 2015, Europe was home to 252 large-scale systems
with a total of 745 MWin, making up around 2% of the region's
total operating solar thermal capacity.*® Nearly half (48%) of these
large systems are connected to block heating (mostly stand-alone
boilers); another 36% are connected to district heating systems;
and the remaining 16% are used for other applications, primarily for
solar cooling and solar process heat.# After several years with no
new large-scale installations, both Germany and Spain had several
large-scale solar thermal systems in the pipeline as of early 2016.%

Solar heat is being used in an expanding range of heat-based
industrial processes, such as water preheating, evaporation,
cleaning, drying, boiling, pasteurisation, as well as thermal
separation. The most popular sectors for solar process heat
applications in recent years have been the food and metal
processing, textile, beverage and mining industries.*® In 2015, a
variety of industries invested in solar process heat installations,
among them the Dairy Bonilait (France), the automotive supplier
Harita Seating systems (India), an lItalian cheese producer, a
garment manufacturer in India and the pharmaceuticals producer
Ram Pharma based in Jordan.*

The largest investor was Petroleum Development Oman (CPD),
which began construction in November of its 1 GW, USD
600 million Miraah solar steam-producing plant, located next
to the Amal West Qil field in Oman.*® Once completed, in 2017,
Miraah is expected to be the largest solar steam-producing plant
worldwide.*®

As of March 2016, at least 188 solar process heat projects,
with a combined capacity of 106 MW:ih, were operating in 32

Figure 22. Solar Water Heater Applications for Newly Installed Capacity, by Country/Region, 2014
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countries.*” Deployment in the industry sector is a fraction of
that in the residential sector, even though the long-term potential
for both segments is almost the same.*® Top countries for solar
process heat capacity in operation included Austria, Chile, China,
the United States and India.*®

Four major barriers have slowed the uptake of solar process
heat installations, including: high system and planning costs;
the absence of guidelines and tools for planners and engineers;
a dearth of business models; and a lack of knowledge among
potential customers.®® To address some of these barriers,
Australia established a grant to cover 50% of the project costs
for solar process heat facilities. The grant programme, combined
with educational workshops organised specifically for the dairy
industry, resulted in some projects being in the first planning stage
as of early 2016.% Other countries with support mechanisms for
solar process heat include Austria, Germany and India.

An additional barrier in 2015 was low oil and gas prices, which
made solar process heat less competitive in many countries by
extending system payback periods. In response to low oil prices,
Thailand halted its process heat subsidy scheme for 2015-2016.%3

Low fuel prices also affected the solar cooling market and,
combined with the still high costs and complexity of cooling
systems, reduced demand in 2015.5 Demand for solar thermal-
driven air conditioning systems also was tempered by rapidly
falling costs of solar PV systems in conjunction with split air
conditioning systems (especially in buildings with relatively small
cooling loads).®® An estimated 125 new solar cooling systems
were added in 2014 (the last year for which global statistics are
available), for a total of at least 1,175 by year's end.®® The peak year
for new installations was 2012, when around 200 systems were
added.*”

Even so, several larger solar cooling systems were installed in
2015, or were under construction as of early 2016. These include
systems for the European companies Wipotec (Germany) and
AVL (Austria), and for the Sheikh Zayed Desert Learning Center
in Abu Dhabi.%® There also was growing demand for solar cooling
R&D and demonstration plants in China and the Middle East in
2015.% The main driver of demand for solar cooling technology
is its potential to reduce peak electricity demand, particularly in
countries with significant cooling needs.®

Absorption and adsorption chillers have long dominated the solar
cooling market and account for approximately 71% of capacity in
operation. In 2015, they increased their market share, whereas
desiccant cooling systems saw their market share decline.®'
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SOLAR THERMAL HEATING/COOLING INDUSTRY

Success and crisis were close together in the global solar heating
and cooling industry in 2015. Within individual countries, some
players failed while others succeeded by changing their business
models; and, from country to country, market development and,
therefore, industry health varied considerably. For example,
collector manufacturers in sunbelt countries with strong demand -
such as India, Mexico and Turkey - invested in new production
capacity.%? By contrast, in much of Europe, China and some other
countries, manufacturers faced declining sales and overcapacity.

In India, component suppliers built new manufacturing facilities
in response to the country’s growing demand for concentrating
collector systems for industry and large-scale cooking
applications, which has been driven by investment subsidies.®®
Mexico has evolved into a technology hub in Central America and,
in 2015, had two factories under construction, one for polymer
collectors and one for vacuum tubes.®* Turkey's three vacuum
tube manufacturers extended their production capacities in 2015
based on rising national demand and plans for increased export.®

The collector industries in Greece and Austria continued to have
high export numbers throughout 2015. Greek manufacturers saw
their exports increase by 7%, following a 16% rise in 2014, while
the Austrian collector industry's export share remained high, at
around 80% in 2015.%6

Elsewhere, developments in 2015 were not as bright. Dark clouds
were over Chile, for example, where the domestic industry went
through a severe crisis. Chile’s new tax credit scheme for the
housing industry, originally expected to be approved in early 2015,
did not come into effect until February 2016; as a result, several
manufacturers and system suppliers were forced to temporarily
suspend their solar thermal activities.®

The Chinese industry was troubled by a second year of significant
market contraction, driving industry consolidation at all levels of
the supply chain. In 2014, Linuo New Material (once the world's
largest manufacturer of glass tubes and vacuum tubes) made the
decision to stop production; this was followed, in 2015, by the
Sunrain Group's acquisition of a 30% stake in the large flat plate
collector manufacturer Pengpusang.®

Manufacturers in several Central European countries also faced
overcapacities and an associated drop in collector prices. This
development resulted in serious financial troubles for four
high-profile companies: Watt (Poland), Astersa (Spain), Solvis
(Germany) and Clipsol (France).®®

However, even in this period of declining markets all over Europe,
several European solar thermal manufacturers managed to
increase their sales in 2015 by developing new business models.
In Poland, some system suppliers - such as Hewalex and Ensol -
profited from a growing number of public tenders for social
housing projects and public hospitals.”® Spanish solar thermal
manufacturers offered innovative financing schemes in order to
decrease the industry’s dependence on subsidies.”

In addition to the well-established energy service companies
(ESCOs) for solar thermal - including, S.O.L.ID. (Austria) and
Nextility (formerly Skyline Innovations; United States) - an increasing
number of turnkey suppliers specialised in energy service contracts
during 2015 to eliminate the barrier of high upfront costs for potential
commercial clients.”> Such suppliers include Sumersol (Spain), Sunti
(France), Enertracting (Germany) and Sunvapor (United States).”®
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In Austria, where market penetration is high and the number
of new installations has declined, companies have found new
business opportunities in the replacement market.”* This sales
segment is gaining importance in countries that have a long
history of solar thermal deployment, including also Germany,
Greece, Israel and Turkey; in Israel, for example, more than 80%
of the collector area installed between 2010 and 2014 was used
to replace existing systems.”

Despite the market contraction in Germany throughout 2012-
2015, German flat plate collector manufacturers continued to
dominate the ranking of the world's 20 largest manufacturers
with regard to collector area produced in 2014 (latest data
available). Five German companies were on the list; Bosch,
Viessmann, Vaillant, Thermosolar and Wolf’® China ranked
second for number of manufacturers, with four (Five Star,
Prosunpro, BTE Solar and Sunrain), and Turkey placed third
with three producers (Ezinc, Solimpeks and Eraslanlar). For the
first time, a Polish company, Hewalex, was among the top 20.”
The world's three largest vacuum tube collector manufacturers
- Sunrise East Group (includes the Sunrain and Micoe brands),
Himin and Linuo-Paradigma - all are based in China.”

Since 2012, the European industry has worked hard to overcome
two main barriers that prevent rapid growth in the solar thermal
market: high system prices and a lack of transparency in
solar yield. To further progress in addressing the first of these
barriers, in 2015 the Solar Heating and Cooling Programme of
the International Energy Agency (IEA SHC) launched a project
to investigate ways to reduce the purchase price of solar thermal
systems by up to 40%, covering all aspects of the supply chain.”

Ongoing efforts to reduce prices for high-end consumer
systems began to bear fruit in 2015. Several manufacturers have
developed standardised and pre-fabricated solutions to reduce
post-production costs. For example, Aschoff Solar (Germany)
and Sunoptimo (Belgium) focus on solar circuit hydraulics that
they pre-mount in containers for on-site installation by overseas
clients.®® Other companies are manufacturing domestic hot
water supply stations that are pre-mounted to the tank.®
Additional 2015 innovations that attracted regional attention
are the switching absorption layer of Viessmann that avoids
stagnation temperatures, and a well-designed polymer collector
from Sunlumo (Austria).®

Another 2015 development that aids in cost savings in the
industry was reached within the Global Solar Certification
Network, developed by the IEA SHC.®® Researchers and industry
representatives worldwide agreed on a mutual recognition
approach that will maintain existing national and regional
certification schemes, allowing manufacturers to use test and

inspection reports under one certification scheme and to apply
for certification in another.®*

Labelling of solar thermal systems and collectors also was
an important issue in Europe during 2015. After two years of
preparation, the labelling of water, space and combi heaters
under the Ecodesign Directive (2005/32/EC) became mandatory
in all 28 EU Member States in September.®® Even so, there was
great scepticism among Europe's collector manufacturers about
whether or not the energy labelling will increase demand for
solar thermal systems, since heat pumps receive a high rating
even without the use of solar power.?® Also launched in 2015
was a voluntary collector label by the newly established Solar
Heating Initiative; the label, Solergy, rates collectors based on
their annual energy output.®

An increasing number of small countries worldwide showed
interest in joining regional quality infrastructure (Ql) schemes
(certification procedures, standards, product labels) in 2015,
as Ql is crucial in emerging markets to promote customer
confidence.®® Examples of such schemes include the Solar
Heating Arab Mark and Certification Initiative (SHAMCI) in the
Arab region, and the initiative of the Pan American Standards
Commission (COPANT).®®

For medium-temperature process heat applications, parabolic
trough remains the dominant collector technology, followed by
linear Fresnel collectors.®® An increasing number of companies
manufacture concentrating solar thermal collectors; as of late
2015, at least 39 manufacturers were producing 76 collector types
in 13 countries worldwide, with the majority of these companies
headquartered in Europe.” Several additional companies that are
new to the process heat sector - including Artic Solar and Skyven
Technologies LLC (both United States) and Oorja Energy (India)
- were developing concentrator collectors as of early 2016.%
Because the industry is still in the early stages of development,
product scale and components differ significantly from one linear
Fresnel or parabolic trough collector to the next.*®

In dense urban environments, where rooftop space is restricted,
solar PV / solar thermal hybrid (PV-T) systems have become an
option for generating both power and heat.® As of early 2015,
a large variety of PV-T technologies was on the market with
different target applications, installed costs and performance
characteristics, and dominated by unglazed PV-T elements.%

The global solar cooling industry followed two divergent trends
in 2015: a shift towards large-scale systems with a better
performance; and the development of plug-and-play system kits
with cooling capacities below 5 kW.*® Among the 45 sorption
(heat-driven) chiller manufacturers worldwide, several European
manufacturers - including Purix (Denmark), Solarinvent (ltaly),
Solabcool (Netherlands) and Meibis (Germany) - launched or
developed a new generation of compact and easy-to-install solar
cooling system kits up to 5 kW in size in 2015.%"

Compact storage technologies are a key research field in the solar
thermal industry.®® With both types of materials used for compact
storage - phase-change materials (PCM) and thermochemical
materials (TCM) - heat can be stored in a more dense form and
with lower losses than is possible with conventional heat storage
systems, such as hot water storage tanks.® In early 2015, the IEA
SHC defined measurement standards for PCM and preliminary
estimates of their maximum costs.'®
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WIND POWER MARKETS

Wind power experienced another record year in 2015, with more
than 63 GW added - a 22% increase over the 2014 market - for a
global total of around 433 GW.' (= See Figure 23,) More than half
of the world's wind power capacity has been added over the past
five years.? By the end of 2015, more than 80 countries had seen
commercial wind activity, while 26 countries - representing every
region - had more than 1 GW in operation.®* Wind was the leading
source of new power generating capacity in Europe and the
United States and placed second in China, and, by one estimate,
wind supplied more new power generation worldwide than any
other technology in 2015.4

China led for new installations, followed distantly by the United
States, Germany, Brazil and India.’ Others in the top 10 were
Canada, Poland, France, the United Kingdom and Turkey.® (- See
Figure 24 and Reference Table R9.) Non-OECD countries again
were responsible for the majority of installations; most of the new
capacity was added in China, which alone accounted for nearly
half of global additions, but new markets are opening across
Africa, Asia, Latin America and the Middle East’ Guatemals,
Jordan and Serbia all installed their first large-scale wind plants,
and Samoa added its first project.® At the end of 2015, the leading
countries for total wind power capacity per inhabitant were
Denmark, Sweden, Germany, Ireland and Spain.®

Growth in some of the largest markets was driven by uncertainty
about future policy changes; however, wind deployment also
was driven by wind power's cost-competitiveness and by
environmental and other factors.” Wind has become the least-
cost option for new power generating capacity in an increasing
number of markets."
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Asia was the largest market for the eighth consecutive year,
accounting for 53% of added capacity, followed by the European
Union (20.1%) and North America (16%).”? All regions but Africa
saw market growth relative to 2014.%

China added a staggering 30.8 GW of new capacity in 2015, for
a total exceeding 145 GW - more wind capacity than the entire
EUM Nearly 33 GW was integrated into the national grid and
started receiving the FIT premium, with approximately 129 GW
considered officially grid-connected by year's end.” Significant
growth was expected in anticipation of reduced FIT levels (as of 1
January 2016), but the market surpassed expectations, particularly
in light of China's economic slowdown.® The market also was
driven by a national government push to improve energy security
and, in particular, to reduce coal consumption due to growing
concerns about climate change and air pollution.”

At year's end, Inner Mongolia had 18.7% of China's cumulative
capacity, followed by Xinjiang (12.5%), Gansu (9.7%) and Hebei
(7.9%) provinces.”® Difficulties continued in transmitting China’s
wind power from turbines to population centres and, combined
with slow growth in electricity demand (0.6%), led to significant
grid curtailment® Curtailment rose in 2015 to an average 15%,
up from 8% in 2014, with 33.9 TWh of potential generation kept
from the grid.? In addition, many unused turbines sat awaiting
completion of long-distance transmission capacity. In the
meantime, some companies were building wind farms at sites in
the country's east and south, with lower wind speeds but closer
to demand and with better grid infrastructure?® Wind energy
generated 186.3 TWh in China during 2015, accounting for 3.3% of
total electricity generation in the country (up from 2.8% in 2014).%

India installed about 2.6 GW, passing Spain to rank fourth globally
for total wind power capacity, with nearly 25.1 GW by year's end.?
India added less capacity than expected, despite wind's cost-
competitiveness in much of the country and strong national and
state-level policy support, due largely to a shortage of available
transmission capacity.?* Other Asian countries that added
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capacity included Japan and the Republic of Korea (both over
0.2 GW), helping to bring the region’s total installations above
175 GW.?® Chinese wind projects also were under construction in
Pakistan, although no new capacity came online in 20152

The United States ranked second for additions (8.6 GW) and
cumulative capacity at year's end (74 GW) and held onto first
place for wind power generation (190.9 TWh) during 2015.%” Wind
power was the top source for new US power generating capacity,
accounting for over 40% of the total.?® More capacity was added
in the fourth quarter of 2015 than in all of 2014; the jump (+77%)
in annual additions was driven by short-term extensions of the
Production Tax Credit (PTC) in 2013 and 2014.?° In late 2015, a
multi-year PTC extension and phase-out promised to provide
policy stability for a longer period than ever before.*® Texas led
for capacity added (1.3 GW), followed by Oklahoma, Kansas and
lowa; Connecticut installed its first utility-scale project.”'

US utilities continued to invest strongly in wind power, with some
going beyond state mandates based on favourable economics.®?
The cost-competitiveness of wind power also drove corporate
and other purchasers, making 2015 the first year in which non-
utility customers represented about half of the known (4 GW) US
wind power purchase agreements.*® By year's end, an additional
9.4 GW of capacity was under construction.®*

Neighbouring Canada added 1.5 GW for a total of 11.2 GW, ranking
sixth globally for additions and seventh for total capacity.®®
Although growth slowed relative to 2014, wind energy has
remained Canada’s largest source of new electricity generating
capacity for five years.*® Ontario continued to lead, adding 0.9
GW (for a total of 4.4 GW), followed by Québec (added 0.4 GW)
and Nova Scotia (added 0.2 GW), which installed one of Canada's
largest municipally owned wind projects.*” Wind power capacity
at end-2015 was enough to supply 5% of Canada's electricity
demand, with much higher shares in some provinces.3®

The European Union saw a new record for annual installations,
due largely to Germany, which accounted for nearly half of the
region's market in 2015. The EU brought online some 12.8 GW of
wind power capacity, for a total approaching 141.6 GW, including
11 GW operating offshore.® Offshore capacity accounted for
almost one-fourth of 2015 additions, twice the previous year's
share.*® Wind represented the largest percentage of new power
capacity in the region (over 44%), followed by solar PV; new fossil
fuel power capacity (about 23% of installations) was far exceeded
by retirements.# Between 2000 and 2015, wind increased from
2.4% to 15.6% of total EU power capacity.”? However, these
advances and the scale of the EU market mask volatility in many
countries due to weakened policy frameworks,*

Germany installed over 6 GW (net 57 GW, considering
decommissioned capacity), for a total of almost 45 GW.** These
installations reflected the grid connection of a large amount of
offshore capacity that was constructed in 2014, and a rush to
complete new projects before Germany switches to a tendering
scheme in 20175 Germany's gross generation from wind power
was 88 TWh - up 53% relative to 2014 due to increased capacity
and good wind conditions.*®

After Germany, the leading EU installers were Poland (1.3 GW),
which overtook the United Kingdom for additions (1 GW), and
France (11 GW).# Finland, Lithuania and Poland experienced the
highest annual growth rates; Poland's record additions (nearly
three times the 2014 level) were driven by the anticipation of a

new policy scheme in 2016.4¢ Spain continued to rank second in
the EU for total operating capacity (23 GW) but did not add wind
capacity in 2015.4°

After Asia, Europe and North America, Latin America was
the next largest installer by region, with nine countries adding
nearly 4.4 GW to reach about 15.3 GW.*° Brazil (2.8 GW) was
responsible for about 57% of the region's market, despite its
political and economic woes, and ended the year with 8.7 GW.*
About 357 MW of Brazil's new capacity was commissioned but
not yet grid-connected by year's end.®> Wind power has enabled
Brazil to avoid power rationing and has brought economic revival
to Rio Grande do Norte, Brazil's leading state for wind capacity.®
Brazil was followed by Mexico (adding 0.7 GW to pass 3 GW),
Uruguay (adding 0.3 GW) and Panama (adding 0.2 GW).%*

Turkey again ranked in the top 10 for new capacity in 2015, adding
nearly 1 GW to end the year just above 4.7 GW.*® In the Middle
East, Jordan opened its first large commercial wind farm.*® Others
in the region advanced projects - including Iran, with as much as
155 MW at year's end and plans for several additional projects,
and Kuwait, which was planning its first wind farm.*’

The total African market was smaller than in 2014, due in part
to financial difficulties in South Africa.®® Even so, South Africa
added nearly 0.5 GW (for a total just over 1 GW) to surpass
Morocco and lead the continent past the 3 GW mark.*® Egypt
added 200 MW, and Ethiopia installed a large plant (153 MW),
nearly doubling the national total.®® Projects in Kenya, including
the 300 MW Lake Turkana wind farm, were stalled due to land
disputes.®” However, by year's end there was significant activity
under way in Egypt and Morocco, and numerous small projects
were being launched across Africa.®

Australia was responsible for nearly all new capacity in
the Pacific.® The country added almost 0.4 GW for a total
approaching 4.2 GW, and wind power accounted for about 5% of
national electricity consumption in 2015.%4

Offshore, an estimated 3.4 GW of capacity was connected to
grids in 2015, about double the additions in 2014, for a world
total exceeding 12 GW.%® The vast majority of added capacity
(89%) and total operating capacity (91%) was in Europe, where
a record 3 GW was installed for a total 11 GW of grid-connected
capacity off the coasts of 11 countries.®® Germany accounted for
about two-thirds of global offshore additions (adding 2.2 GW),
counting capacity installed but not grid-connected in 2014.%" It
was followed by the United Kingdom (571 MW), China (361 MW),
the Netherlands (180 MW) and Japan (3 MW), the only other
countries to add capacity offshore in 2015.%¢ Although policy
changes have delayed some development, the United Kingdom
continued to lead in total offshore capacity with 51 GW at year's
end; it was followed by Germany (3.3 GW), Denmark (1.3 GW)
and China (1 GW).%°

Deployment offshore has been relatively slow in Asia and North
America.’® China is about three years behind its 2015 target to
deploy 5 GW, delayed by high costs, challenging environmental
conditions, and regulatory and technical issues.” India approved
an offshore wind power policy, opening the door for future
development.’? In the United States, construction began on the
first project (30 MW).”®

Offshore and on land, independent power producers (IPPs)
and energy utilities remained the most important clients in
terms of capacity under construction and in operation, but
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Figure 23. Wind Power Global Capacity and Annual Additions, 2005-2015
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Figure 24. Wind Power Capacity and Additions, Top 10 Countries, 2015
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Figure 25. Market Shares of Top 10 Wind Turbine Manufacturers, 2015
Source: FTI
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interest continues to grow in other sectors.”® The number of
private purchasers of wind-generated electricity and turbines
rose during 2015, as did the scale of their purchases.”®
Corporations increasingly are purchasing wind power from
utilities, signing PPAs, or buying their own turbines to power
operations - particularly in the United States, but increasingly
in other regions - to obtain access to reliable low-cost
power.’® Investment funds, insurance companies, banks and
institutional players are investing in wind energy because of
its stable return.”

Community and citizen ownership also continued to expand in
several countries and regions during 2015, including in Australia,
Europe, Japan, New Zealand, North America and South Africa.”®
(= See Feature.) However, there is concern that policy changes
- such as Germany's shift towards tenders and Nova Scotia’s
cancelation of the community tariff under its FIT - could slow
future development.”

Small-scale' turbines are used for a variety of applications,
including defence, rural electrification, water pumping, battery
charging and telecommunications, and they are deployed
increasingly to displace diesel in remote locations.®® Following
a decline in 2013, the global market grew by 8.3% in 2014 (latest
data available), and total capacity was up an estimated 10.9%.%
By end-2014, more than 830,330 small-scale turbines, or over
830 MW, were operating worldwide (up from 749 MW at end-
2013).%2 The average size of small-scale turbines continues to
creep up, with significant differences among countries, due
largely to increasing interest in larger grid-connected systems (in
some cases driven by policy structure).®

While most countries have some small-scale turbines in use, the
majority of units and capacity operating at the end of 2014 was in
China (343.6 MW), the United States (226 MW) and the United
Kingdom (132.8 MW).84 Other leaders included ltaly (32.7 MW),

Germany (24 MW), Ukraine (14.6 MW) and Canada (13,1 MW)i 85
The US market continued to struggle, reflecting continuing
competition with solar PV and the low cost of other electricity
sources, although new leasing models are building momentum.&
Markets boomed in both Italy and the United Kingdom during
2014, but UK deployment rates remained significantly below the
2012 level &

Repowering has become a billion-dollar market, particularly
in Europe.®® While most repowering involves the replacement
of old turbines with fewer, larger, taller, and more-efficient and
reliable machines, some operators are switching even relatively
new machines for upgraded turbines that include software
improvements.®® During 2015, at least 300 turbines (totalling an
estimated 300 MW) were dismantled in Europe, two turbines
(0.7 MW) in Japan and one unit (2 MW) in Australia.”® The
largest market for repowering was Germany.®" There also is a
thriving international market for used turbines in Africa, Asia and
elsewhere.®?

Wind power is playing a major role in power supply in an
increasing number of countries. In the EU, capacity in operation
at end-2015 was enough to cover an estimated 11.4% of electricity
consumption in a normal wind year.®® Several EU countries -
including Denmark (42%), Ireland (over 23%), Portugal (23.2%)
and Spain (over 18%) - met higher shares of their demand with
wind energy.®* Four German states had enough wind capacity
at year's end to meet over 60% of their electricity needs.®® In the
United States, wind power represented 4.7% of total electricity
generation and accounted for more than 10% of generation in 12
states, including lowa (31.3%).°¢ Brazil reached almost 3%, and
Uruguay generated about 15.5% of its electricity with the wind.®”
Globally, wind power capacity in place by the end of 2015 was
enough to meet an estimated almost 3.7% of total electricity
consumption.®

i Small-scale wind systems generally are considered to include turbines that produce enough power for a single home, farm or small business (keeping in
mind that consumption levels vary considerably across countries). The International Electrotechnical Commission sets a limit at approximately 50 kW, and
the World Wind Energy Association (WWEA) and the American Wind Energy Association define “small-scale” as up to 100 kW, which is the range also
used in the GSR; however, size varies according to the needs and/or laws of a country or state/province, and there is no globally recognised definition
or size limit. For more information, see, for example, WWEA, Small Wind World Report 2016 (Bonn: March 2016), Summary, http://www.wwindea.org/

small-wind-world-market-back-on-track-again/.

Total numbers of units does not include some major markets, including India, for which data were not available. Taking this into account it is estimated that

more than 1 million units are operating worldwide, from WWEA, Small Wind World Report 2016.

iii Data are for end-2014 with the exception of Canada (year 2011).
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WIND POWER INDUSTRY

The wind power industry had another outstanding year thanks
to record installations. Most of the top turbine manufacturers
broke their own annual installation numbers.®® By early 2016,
manufacturers had full order books, with some receiving record
orders for on- and offshore turbines, presaging momentum for
future years.® But rising competition in the global marketplace
and fragmentation in the market required that manufacturers
and developers be flexible to adapt in different environments.”
Spain's manufacturers, for instance, survived by exporting
100% of their production.'® Ongoing technology improvements
that are increasing capacity factors (such as custom turbine
configurations), as well as economies of scale and financing
innovations, continued to drive down prices, making onshore
wind power directly competitive with fossil fuels in an increasing
number of locations.'%®

Costs vary widely according to wind resource, regulatory and
fiscal framework, the cost of capital and other local influences.*4
In 2015, the levelised cost of electricity (LCOE) from onshore
wind continued to fall, while the LCOE for new fossil generation
increased.®® Wind was the most cost-effective option for new
grid-based power during 2015 in many markets - including
Brazil, Canada, Mexico, New Zealand, South Africa, Turkey, and
parts of Australia, China and the United States.®® In late 2015,
Morocco secured new record-low tender bids - averaging
USD 25-30 per MWh - for wind capacity that is projected to be
in operation between 2017 and 2020."” Although offshore wind
remains significantly more expensive, the LCOE for offshore wind
generation also declined further in 2015.1%¢

Asthe amount of wind output and its share of total generation have
increased, so have grid-related challenges in several countries.
Challenges for wind power - both onshore and offshore - include
lack of transmission infrastructure, delays in grid connection, the
need to reroute electricity through neighbouring countries, lack
of public acceptance, and curtailment where regulations and
current management systems make it difficult to integrate large
amounts of wind energy and other variable renewables,'®

Curtailment in China cost the country's industry an estimated
USD 2.77 billion (RMB 18 billion) in 2015."° To reduce curtailment,
China's government has urged north-western regions to attract
more energy-intensive industries and to use wind power for
heating (with the added benefit that it can displace coal), among
other options; new transmission capacity is under construction,
and new pumped storage facilities are being planned.™ In the
United States, curtailment is down dramatically in Texas following
the completion of new transmission lines."? Across the globe in
2015, projects were in planning stages or under way in every region
to strengthen and expand transmission capacity to efficiently
move wind-generated electricity to where it is needed."

Most wind turbine manufacturing takes place in China, the EU
and the United States, and the majority is concentrated among
relatively few players.™ In 2015, by some estimates, Goldwind
(China) surpassed Vestas (Denmark) to become the world's
largest supplier of wind turbines, marking the first time that a
Chinese company has held this spot.™ Almost all of Goldwind's
recent growth (and that of other Chinese companies) has
occurred at home, although Chinese companies are increasingly
active in new markets."® Long-term leader Vestas ranked second,
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followed by US-based GE, which climbed one position due in part
to a strong US market and to its acquisition of Alstom (France)."”
Siemens (Germany) dropped two positions to fourth (but ranked
first in the offshore market), and Gamesa (Spain) was up three
positions to rank fifth, followed by Enercon (Germany)."® Others
in the top 10 were all Chinese companies: United Power, Ming
Yang, Envision and CSIC Haizhuang."® (- See Figure 25,) Suzlon
(India) dropped out of the top 10 due to the sale of subsidiary
Senvion (Germany) in 201512

The world's top 10 turbine manufacturers captured nearly 69% of
the 2015 market.”” However, components are supplied from many
countries: blade manufacturing, for example, has shifted from
Europe to North America, South and East Asia and, most recently,
Latin America, to be closer to new markets.”? In Africa, major
manufacturers are considering new facilities in Egypt, which has
set its sights on becoming a regional manufacturing hub.”?®

Increasing demand for turbines and related technologies led to
the construction of new factories in 2015 and plans for further
development. In Europe, Vestas announced plans to begin
producing 80-metre (260-foot) blades for offshore use at its new
factory on the Isle of Wight (UK), and Siemens (Germany) said
it would construct a new plant for offshore components - its
largest German facility to be built in several years.? Elsewhere,
major manufacturers have scrambled to meet local content
requirements, adding capacity to overcome shortages in
components.® For example, several companies announced
plans for manufacturing or service plants in Brazil to focus on the
local market, and, across the Atlantic, manufacturers are building
facilities to provide turbines to meet local content requirements
in Egypt and Morocco.'?6

The year saw a surge in consolidation among turbine
manufacturers, developers, data and service companies.’”” For
example, GE acquired Alstom's power generation business,
gaining a foothold in Europe - including the offshore market -
and becoming a leader in the Brazilian market.”® In early 2016,
Nordex (Germany) acquired Acciona Windpower (Spain), which
focuses on large-scale wind farms and has production plants in
Brazil, Spain and the United States, with one under construction
in India.* Vestas acquired servicing firm UpWind Solutions
(United States) to expand its North American service operations,
as well as German service provider Availon; and EDF Renewable
Energy purchased OwnEnergy (United States) to move into the
community wind market® Investment firm Centerbridge Partners
(United States) completed its acquisition of manufacturer Senvion
from Suzlon, and asset manager Swiss Energy bought Spanish
turbine manufacturer MTOL®" In late 2015, Gamesa acquired
a 50% stake in NEM Solutions (Spain/United States), which
leverages data mining to optimise equipment performance.’®
Challenges are mounting for companies that only manufacture
turbines; remaining pure wind turbine manufacturers (that are
not part of large conglomerates) include Enercon, Nordex and
Vestas.'*?

Projects also changed hands - particularly in the United States
and Europe - purchased by companies in the same region or
based in Asia and the Middle East®* In the United States, many
utilities moved to acquire more renewable energy projects to
satisfy demand from key corporate customers; an estimated
3.7 GW of US wind project capacity was acquired in 2015."% Other
players moved into wind projects to expand their foothold into
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new regions or new areas of business. China Three Gorges and
state-owned SDIC (China) both acquired UK offshore projects
within a few months of each other®® Canadian pipeline and
energy company Enbridge bought a long-delayed wind project
in the US state of West Virginia.*” In addition, the wind industry
continued moving into solar PV (and vice versa) - for example,
Suzlon (India) began developing a solar project in India - and
several solar PV-wind hybrid projects were under development
as of early 2016.1®

Wind energy technology continued to evolve, driven by several
factors, including: mounting global competition; efforts to make
turbine manufacturing easier and cheaper; the need to optimise
power generation at lower wind speeds; and increasingly
demanding grid codes to deal with rising penetration of variable
renewable sources®® To meet increasing demand from grid
operators for stable feed-in, Senvion launched a new turbine for
the German market*® Also in 2015, GE launched new software
to track and collect data from individual turbines for optimising
performance and increasing output.*

To reach stronger winds and boost output, there is a general
trend towards larger machines - including longer blades,
larger rotor size and higher hub heights®> Such changes have
driven capacity factors significantly higher within given wind
resource regimes, creating new opportunities for wind power
in established markets as well as new ones.* During 2015, new
low-speed turbines were launched by several manufacturers,
including Gamesa, GE, Nordex, Siemens and Vestas.*

Capacity ratings continued to rise in 2015, with the average size
turbine delivered to market up slightly to 2 MW.!*¢ Average turbine
sizes were highest in Europe (2.7 MW) - particularly in Denmark
and Germany - followed by Africa (2.4 MW), the Americas (nearly
21 MW) and Asia-Pacific (1.8 MW)."¢ Turbines for use offshore
also are growing, as are project sizes, driven by the need to
reduce costs through scale and standardisation.'” In Europe, the
average capacity of new turbines installed offshore was 4.2 MW,
up 13% relative to 2014, due to significant deployment of turbines
in the 4-6 MW range*® By late 2015, there were several orders
already on the books for 7 MW and 8 MW machines, and research
projects were looking at 10-20 MW turbines for offshore.*

The offshore wind industry differs technologically and logistically
from onshore wind.*® In addition to the deployment of ever-larger
turbines and projects, the offshore industry continues to move

farther out, into deeper waters.™ By year's end, the distance from
shore and water depth of grid-connected projects in Europe
averaged 43.3 kilometres and 27.1 metres, respectively (up from
32.9 kilometres and 22.4 metres, respectively, in 2014), due largely
to increased deployment in Germany.'s?

The majority of substructures off Europe in 2015 continued to be
monopiles (97%), followed by jackets (3%).°* However, to access
winds in even deeper waters - in the Atlantic and Mediterranean,
and just off Japan'’s shore - the industry continues to invest in the
development of floating turbines (anchored by mooring systems),
which reduce foundation costs and other offshore logistical
challenges.™ In early 2015, a few test turbines were floating
offshore worldwide; before the year was out, the world's largest
(7 MW) floating turbine was operating off Japan’s coast, France
had launched the world's first tender for floating turbines, and oil
and gas giant Statoil (Norway) had contracted Siemens to build a
30 MW floating wind farm off Scotland.'®®

The most significant challenge facing the offshore industry is
the lack of policy stability in key markets, which is important for
achieving the scale and low-cost financing that are necessary
to reduce costs to competitive levels.®® In the EU, the lack of
co-ordination of regulations across Member States is hampering
offshore development’®’

The price differential between fossil fuel and offshore wind
generation remains significant, and the industry is working to
close this gap.'®® In early 2015, manufacturers MHI-Vestas and
Siemens, and developer DONG Energy signed a joint declaration
for a united industry goal to drive the cost of offshore wind
energy below USD 112/MWh (EUR 100/MWh) by 2020."*° During
the year, Siemens unveiled a new direct current (DC) solution
for connecting offshore wind turbines to the grid at lower cost;
the solution also increases transmission capacity and reduces
transmission losses.®® In addition, the company adapted an
existing cargo shipping method for the transport of offshore
turbine components that reduces costs by eliminating the
need for a crane; the first such ship might be launched by late
2016.1°" Another significant development was the diversification
of financial structures used during construction and operation:
project bonds emerged in 2015 as a competitive financing tool in
response to reduced risk perception for offshore projects.'®

In the small-scale wind industry, five countries (Canada, China,
Germany, the United Kingdom and the United States) accounted
for more than 50% of turbine manufacturers as of 2014; aside
from China, developing countries still play a minor role®® UK
and US manufacturers continued to rely on export markets as
a source of revenue, but exports (in terms of units sold) were
down significantly for both countries in 2014 relative to 2013.'%* To
increase the competitiveness of small-scale wind, several leading
US small-scale and distributed wind companies have begun
offering long-term leases to build on the success of third-party
financing for solar PV In early 2016, Statoil and United Wind
(United States) announced a joint venture, securing Statoil's
entry into the US small-scale and distributed wind market.'6®

See Table 2 on pages 82-85 for a summary of the main renewable
energy technologies and their costs and capacity factors; see
also Sidebar 3 for a discussion of technology cost trends.®’
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Sidebar 3. Renewable Power Technology Cost Trends

The past decade has seen a dramatic and sustained
improvement in the competitiveness of renewable power
generation technologies. Around the world, renewables have
benefited from a virtuous cycle of increased deployment
leading to greater economies of scale and manufacturing
improvements, increased competition, technology improve-
ments' and falling costs. Improvements in the competitiveness
of renewable power generation technologies continued in
2015.

Biomass, hydro, geothermal and onshore wind power all can
provide electricity competitively where good resources exist.
The global weighted average levelised cost of electricity
(LCOE) of projects commissioned in 2015 was around USD
0.06/kWh for biomass, USD 0.08/kWh for geothermal, USD
0.05/kWh for hydro and USD 0.06/kWh for onshore wind.
These technologies compete head-to-head with fossil fuels,
which have costs of between USD 0.045/kWh and USD 0.4/
kWh. Solar technologies also are increasingly providing low-
cost, competitive electricity due to rising economies of scale
as well as technology improvements and their associated cost
reductions - and this trend will continue.

Onshore wind is now one of the most competitive sources
of electricity available. Technology improvements (e.g.,
higher hub heights and larger swept areas) and declining
total installed costs mean that onshore wind is now within
the same cost range as, or even lower than, that for new
fossil fuel capacity. Onshore wind projects around the world
are consistently delivering electricity for USD 0.04/kWh to
USD 0.09/kWh, without financial support. Power purchase
agreement (PPA) announcements made in 2015 and 2016 for
future delivery (e.g., 2017 and beyond) suggest costs at about
USD 0.04/kWh.

Based on global data, the weighted average investment
cost for onshore wind fell by slightly more than two-thirds
between 1983 and 2015, from USD 4,766/kW to USD 1,550/
kWi, while the LCOE fell from an estimated USD 0.38/kWh
to USD 0.06/kWh over the same period. Increased capacity
factors (due to technology improvements) and declining wind
turbine costs each have accounted for around one-third of the
reduction in LCOE since 1983; the remaining one-third is due
to other capital cost reductions and declining operation and
maintenance costs.

Solar PV also has experienced significant cost reductions.
Between 2010 and 2015, the global weighted average LCOE
of utility-scale (>1 MW) solar PV fell by almost 60%, driven
primarily by reductions in module costs of around three-
quarters during this period. In 2015, the most competitive utility-
scale solar PV projects were regularly delivering electricity for
just USD 0.08/kWh, without financial support, compared to
a range of USD 0.045/kWh to USD 0.14/kWh for new fossil
fuel power (excluding health and carbon emission costs). But
even lower costs are being contracted for 2017 and beyond.
Tenders during 2015 and 2016 in Dubai (USD 0.06/kWh),

Peru (USD 0.05/kWh) and Mexico (USD 0.035/kWh) ably
demonstrate this shift', Solar PV is now competing head-to-
head, without financial support, even in regions with abundant
fossil fuels. Tenders in Brazil, Chile, Jordan and South Africa all
have highlighted that solar PV can be competitive.

The electricity from CSP and offshore wind power
technologies has higher costs than other renewable power
generation options (global weighted averages of USD 0.24/
kWh and USD 0.165/kWh, respectively, in 2015), although
some projects show costs falling within the range of new
fossil fuel options. Because both CSP and offshore wind
power are in their infancy in terms of deployment, they still
have significant potential for future cost reductions. As their
costs continue to come down, they will play an increasing role
in the future energy mix". CSP, in particular, has a bright future
because of its ability to add low-cost thermal energy storage
to allow for dispatchability.

Costs for the more mature renewable power generation
technologies - biomass for power, geothermal and
hydropower - have been broadly stable since 2010. Where
untapped economic resources remain, these technologies
can provide some of the cheapest electricity of any source.

Given the installed costs and the performance of today's
renewable technologies, and the costs of conventional
technologies, renewable power generation is increasingly
competing head-to-head with fossil fuels, without financial
support, when new capacity is required and despite the fact
that fossil fuels do not carry the full cost of their externalities.

Supported by a 4.6-fold increase in public R&D support in OECD
countries between 1990 and 2013, from IEA, Energy Technology
RD&D Budgets Database (Paris: 2016).

i Except for tenders, all cost data refer to the year a project comes
online.

iii It is important to note that tender and PPA prices are not necessarily
equivalent to a calculated LCOE, as headline remuneration rates
are usually quoted. Duration of the contract, escalation clauses,
partly indexed tariffs and other details can mean that LCOEs can be
significantly higher than headline remuneration rates (70% higher in
one example in the United States for solar PV).

iv For CSP, the additional value of the dispatchability of plants with
low-cost thermal energy storage also needs to be considered, as this
is not captured in a simple LCOE metric.

Source: See endnote 167 for this chapter.
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Table 2. Status of Renewable Technologies: Costs and Capacity Factors
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Investment Cost  USD min max wa Capacity Factor % min max wa
Africa 625 5579 e 1654 0.454 0913 0 0.618
Asia 536 6082 ® 1486 0.202 0.95 0 0.623
Central America and the Caribbean 534 7805 e 1021 0.225 0.796 e 0.317
Eurasia 1344 7106 e 1756 0.713 0.958 e 0.831
Europe 507 7957 ® 3249 0.228 0933 0835
Middle East 885 4272 ® 2895 0.291 0.929 ® 0.566
North America 510 7641 3584 0.228 0.958 0.847
Pacific 3852 3851 @ 3851 0.508 0.506  0.507
South America 547 7885 ® 1662 0.206 0.942 ¢ (0.531
China 542 6082 e 1576 0.206 0.95 0 0.618
India 536 5497 e 1112 0.202 0.976 ® 0.626
United States 1062 7641 ® 4076 0.891 0958 €093
Investment Cost  USD min max wa Capacity Factor % min max wa
Africa 1719 7689 e 3818 0.8 0.92 e 0.84
Asia 1514 8736 ® 3148 0.411 0929 083
Central America and the Caribbean 3260 3537 e 3413 0.57 0.6 058
Eurasia 2613 3278 e 3113 0.8 0.8 0038
Europe 3613 8919 5209 0.6 0.8 0 0.66
Middle East
North America 2029 8353 e 5017 0.74 0.923 00383
Pacific 3303 4676 ® 3796 0.6 0.8 0038
South America 3027 4348 ® 3587 0.8 0.95 0 0.82
China 1501 9722 ® 1943
India 1501 7475 ® 2169
United States 2941 8353 ® 5961 0.74 0.9 e 0.79
Investment Cost USD min max wa Capacity Factor % min max wa
Africa 454 6730 ® 1478 0.264 0856 0413
Asia 458 7553 ® 1212 0.139 0.947 ® 0.46
Central America and the Caribbean 674 5416 ® 2945 0.25 0.8 0 0.476
Eurasia 519 5416 ® 2945 0.169 0.854 e 0.421
Europe 528 7913 ® 1790 0.140 0.713 ©0.353
Middle East 453 2186 ¢ 1303 0.201 0.757 ¢ 0.316
North America 723 7103 2252 0.184 0.89 ¢ 0.509
Pacific 1780 4119 e 2984 0.241 0.614 0 0.504
South America 527 721 @ 1851 0.251 0945 ©0.569
China 458 7220 ¢ 1023 0,131 0.947 ® 0.451
India 467 5759 ® 1321 0115 0.898 ® 0.451
United States 723 6757 e 1384 0.31 0.779 ¢ 0.398

- >
Africa 944 4110 ® 2649 0.016 0.278 00199
Asia 819 7997 ® 1624 0.101 0.247 © 0166
Central America and the Caribbean 1600 4000 e 2076 0155 0.227 0198
Eurasia 1545 3697 2775 0117 0127 ¢ 0.119
Europe 944 2827 e 1408 0.098 0.30 00123
Middle East 131 4000 ® 2553 0.174 0.347 ¢ 0.256
North America 800 5900 ® 2365 0.095 0.336 00196
Pacific 1180 7539 ® 2857 0.114 0.271 e 0191
South America 132 4326 ® 2249 0,130 0.404 ¢ 0.320
China 998 7780 ® 1439 0.101 0.184 ¢ 0.170
India 833 4916 ¢ 1403 0.159 0.247 0 0.206
United States 965 5900 ® 2336 0.095 0.336 ©0.197
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Table 2. Status of Renewable Technologies: Costs and Capacity Factors (continued)
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Africa 10094
Asia 3501
Central America and the Caribbean

Eurasia

Europe 4811
Middle East 3491
North America 4714
Pacific 9735
South America

China 3501
India 3539
United States 4714
Investment Cost USD min
Africa 1345
Asia 958
Central America and the Caribbean 1680
Eurasia 1550
Europe 1353
Middle East 1983
North America 1275
Pacific 1060
South America 994
China 1032
India 958
United States 1496
Investment Cost  USD min
Africa 2115
Asia

Central America and the Caribbean
Eurasia

Europe 2053
Middle East

North America 2251
Pacific

South America

China 2115

India

United States 2250

17402
13693

17341
4097
9009
10767

13639
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9009

max

2848
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3148
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1553
1625
3000
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5063

® 14153
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8839
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06794
9829

® 3680
04328
® 6794

wa
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e 1917
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01874
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0.214
0172
0.296
0.272
0139
0.313
0166
0.275
0.257
0.221
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% min

0.204

0.27

0.32

0.204

0.32

0194
0.535

0.631
0.263
0.405
0.21

0.28
0.635
0.405

max

0.456
0.435
0.520
0.35
0.412
0.390
0.516
0.436
0.534
0.36
0.258
0.608

max

0.312

0.554

0.363

0.287

0.363
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0 0.194
0 0.275

¢ 0.308
0022
0 0.299
¢ 0.21

0 0.272
0 0.276
e 0.299

wa

® 0.346
00.243
00.434
00.344
00277
00.372
0 0.352
©0.337
0 0426
00.242
00234
0 0.358

wa

0 0.26

0 0.36

¢ 0.33

0 0.26

033

Note: All monetary values are expressed in USD2g15. LCOE is computed using a weighted average cost of capital of 7.5% for OECD countries and China and
10% for the rest of the world. For recent cost and characteristics data for heating and cooling, biofuels and DRE technologies, see Table 2 in GSR 2015. The
costs and analysis exclude subsidies. Regional groupings are defined in IRENA, Renewable Power Generation Costs in 2014 (Abu Dhabi: 2015), www.irena.

org/costs.

Source: See endnote 167 of Wind Power section in this chapter.
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Renewable mini-grids - flexibility in application

In the village of Bancoumanan, international partners and the local community have collaborated on
the installation of a hybrid mini-grid that provides energy for the local population (190 end-users).
b Local technicians were trained for operation and maintenance tasks, and the system is managed by

)

a local company. Combining solar energy and diesel, the village of Bancoumanan illustrates the flexibility
of community-based renewable energy projects.

Bancoumanan, Mali | Created: 2015 | Village energy committee: 11 members | 33 kW solar PV and 68 kW diesel mini-grid
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03 DISTRIBUTED RENEWABLE
ENERGY FOR ENERGY ACCESS

For well over 1 billion people around the world, obtaining access
to the energy required to meet very basic needs remains a daily
struggle. In many rural areas of developing countries as well as
some urban slums and peri-urban areas, connections to central
electric grids are economically prohibitive and may take decades
to materialise, if at all” Moreover, grid connectivity does not fully
address the need for access to sustainable heating and cooking
options.?

Distributed renewable energy (DRE)' systems - power, cooking,
heating and cooling systems that generate and distribute
services independently of any centralised system, in both
urban and rural areas of the developing world - already provide
energy services to millions of people, and numbers continue to
increase annually. DRE systems can serve as a complement to
centralised energy generation systems, or as a substitute. They
offer an unprecedented opportunity to accelerate the transition
to modern energy services in remote and rural areas, while also
offering co-benefits. Such co-benefits include improved health
(through the displacement of indoor air pollution), a contributons
to climate change mitigation, as well as positive effects on
income growth, women's empowerment and distributive equity.®
They can provide affordable lighting, enhance communications
and facilitate greater quality and availability of education.* DRE
systems, as well as the hybridisation of existing mini-grids, may
also reduce dependence on fossil fuel imports.

This chapter provides a picture of the current status of DRE
markets in developing countries and presents an overview of the
major networks and programmes that were operational in 2015.

STATUS OF ENERGY ACCESS:
AN OVERVIEW

The two most common ways to measure energy access are
through 1) metrics related to electricity, and 2) metrics illustrating
the level of dependence on solid or traditional fuels, such as
biomass, for cooking. Approximately 1.2 billion people around
the world (17% of the global population) live without electricity
and 2.7 billion people are without clean cooking facilities (38%
of the global population), the vast majority of whom are in the
Asia-Pacific region and in sub-Saharan Africa.® (- See Figures
26 and 27,)

Numbers and trends differ greatly by region. (- See Reference
Tables R10 and R11.) In Africa, nearly 60% of people have no
access to reliable electricity.® To put this number in perspective,
the entire continent of Africa has about 150 GW of installed power
generating capacity, uses about 3% of the world's electricity
(mostly within South Africa) and emits only about 1% of the world's
carbon dioxide emissions.” With 45 GW of installed capacity, the
entire electricity supply of sub-Saharan Africa (excluding South
Africa) is less than that of Turkey.® The official electrification rate
for sub-Saharan Africa is 32%.°

In Asia, China and many industrialised countries, such as Malaysia
and Singapore, have made great strides towards electrification.
However, in other countries in the region, comparatively high
percentages of national populations remain without access to
modern energy. India, for example, is home to more people without
reliable access to electricity networks (237 million, or 19% of the
population) than any other country worldwide.”® Bangladesh has
approximately 60 million people without electricity access (39%
of the population), Pakistan has 50 million people without access
(27%) and Indonesia has 49 million people without access
(19%)." In addition, more than 840 million people in India rely
on firewood, dung cakes, charcoal or crop residue to meet their
household cooking needs, along with an estimated 450 million
people in China, 140 million in Bangladesh, 105 million in Pakistan
and 98 million in Indonesia.”?

Although the Middle East and North Africa (MENA) region has
an electrification rate of almost 92%, in some individual countries,
high shares of the population still lack access to modern energy.
In Yemen, for example, 54% of the population (or 13 million
people) does not have access to electricity, and 8 million people
lack access to non-solid fuel for cooking.®

Similarly, throughout Latin America and the Caribbean, 95% of
inhabitants have access to grid electricity; the 22 million people
without access are concentrated largely in seven countries:
Argentina, Bolivia, Colombia, Guatemala, Haiti, Nicaragua and
Peru.* About 35 million people in the region (14% of inhabitants)
do not have access to clean forms of cooking; in Haiti, 92% of
the population use conventional cooking fuels and devices, while
Honduras, Guatemala and Nicaragua have access rates of less
than 50%."

i See Sidebar 9 in GSR 2014 for more on the definition and conceptualisation of DRE.
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Source:
See endnote 5
for this chapter.

DISTRIBUTED RENEWABLE ENERGY
TECHNOLOGIES AND MARKETS

People in rural and remote regions generally acquire improved
access to energy in three ways: 1) using isolated devices and
systems for power generation at the household level as well as
for heating, cooking and productive uses; 2) through community-
level mini- or micro-grid systems; and 3) through grid-based
electrification, where the grid is extended beyond urban and
peri-urban areas. Each of these models has advantages and
drawbacks.

Advantages of more-centralised models include generally lower
per kW costs in areas of higher population density, a higher
load diversity and suitability for industrial use. Advantages of
more-distributed models include applicability to small and
remote communities and urban areas, reduced transmission
and distribution losses, the allowance for direct and local private
investment, local employment, and increased security of supply,

as well as, in some cases, improvements in reliability, speed of
deployment, local spill-over costs and reduced environmental
burdens® DRE systems also have benefited from trends of
decreasing system sizes, improved system costs and enhanced
affordability linked to efficient appliances. This section focuses
on the first two (distributed) means of improving energy access.

At the household and community scale, DRE technologies
include small-scale solar PV and stand-alone lighting systems;
wind, biodiesel generators, and micro- and pico-hydro stations for
electricity generation; and solar and biomass heating and cooling
units and cooking devices. Many of these technologies provide
productive or mechanical energy for commercial purposes as
well. For the purposes of this section, renewable energy-based
micro- and mini-grids also qualify as DRE technologies.

According to the most recently available data, an estimated
26 million households (or 100 million people) worldwide are
served through DRE systems, including some 20 million
households through solar home systems, 5 million households

Figure 26. World Electricity Access and Lack of Access, by Region, 2013
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Figure 27. World Clean Cooking Access and Lack of Access, by Region, 2013
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through renewables-based mini-grids (usually powered by micro-
hydro), and 0.8 million households through small-scale wind
turbines.” (- See DRE Dashboard.) Markets for DRE systems
continue to grow rapidly. In some countries, DRE systems already
have comparatively high market penetration.® (- See Figure 28.,)

Globally, some 44 million off-grid pico-solar products had been
sold by mid-2015, representing a market of USD 300 million
annually.® As of end-2015, approximately 70 countries worldwide
had some off-grid solar capacity installed or programmes in
place to support off-grid solar applications.?® The largest market
for off-grid solar products was sub-Saharan Africa (1.37 million
units sold), followed by South Asia (1.28 million units sold).”

The smallest distributed solar PV systems are pico-PV systems
(1-10 W,,), which can power small lights, low-power appliances
or mobile phone charging stations. These systems typically
decrease in size as the efficiency of appliances that utilise the
generated power improves. They replace kerosene lamps,
candles and battery-powered flashlights and are the most widely
used DRE technologies by far. Worldwide, some 20 million
branded pico-solar products (mainly portable lights) had been
sold by mid-2015, most of which are concentrated in India and
sub-Saharan Africa.?? (= See Figure 29,) In sub-Saharan Africa
the market for solar portable lights has grown by 90% annually for
the last four years.?® In India, 3.2 million solar lanterns had been
sold or distributed by the end of 2015.?* In Pakistan, women are
putting solar lanterns to productive use to start new businesses
and become entrepreneurs.®

Solar home systems (SHS) (10-500 W) generally consist of a
solar module and a battery, along with a charge control device,
so that direct current (DC) power is available during dark and
cloudy periods. SHS provide electricity to off-grid households for
lighting, radios, television, refrigeration and access to the Internet.
This sized system also can be used for non-domestic applications
such as telecommunications, water pumping, navigational aids,
health clinics, educational facilities and community centres. For
higher power demands (e.g, 500-1,000 W), larger solar panels,
additional battery capacity and inverters to supply alternating

REN21

current (AC) power may be needed; the advantages of such
systems lie in their ability to power more-sophisticated electric
appliances.®

As of early 2015, more than 6 million SHS and kits were estimated
to be in operation worldwide, with Asia being the largest market
by far?” (= See Figure 30,) The SHS market in Bangladesh - the
largest worldwide - has grown at an astounding average of 60%
annually over the past decade, with 60,000 households being
connected to a SHS every month.?® As of early 2015, India, China
and Nepal had installed over 2 million systems collectively.?®
In Latin America, some 13,600 SHS (884 kW) were installed in
Guyana.*® The SHS market also has started to boom in Africa,
particularly in East Africa. In 2014-2015, M-KOPA sold about
300,000 SHS in Kenya, Uganda and Tanzania, and the company
targets a total of 1 million households by end-2016.%'

Micro- and pico-hydropower stations as small as 1 kW continue
to be constructed, providing local communities with affordable
electricity. Typically, such hydro systems can be built on existing
dams and operate reliably for at least 20 years, requiring minimal
maintenance.® It is estimated that in 2015, more than 600 micro-
hydro plants were providing electricity off-grid to rural areas of
Indonesia, while in Nepal, around 1,300 micro-hydro plants and
1,600 pico-hydro systems were in operation for a combined
capacity of 277 MW.%

Biogas systems continued to be adopted for electricity supply
in 2015, with Asia leading in total installations.®* (- See Figure
37 and Bioenergy section in Market and Industry Trends chapter,)
Vegetable oil, jatropha and animal waste may be used as biogas
feedstocks to substitute for diesel fuel in power generation in
small-scale applications, while agricultural residues (e.g. rice
husks, straw, coconut husks, shell, corn stover, etc.) may be used
for commercial-scale power generation.

Small-scale wind turbines (< 100 kW) often are used to produce
electricity for farms, homes and small businesses; off-grid
applications include rural electrification, telecommunication and
hybrid systems with diesel and solar PV.*® Total installed capacity
reached 343.6 MW in China by the end of 2014, almost 6 MW in

i The DRE Dashboard of the REN21 Renewables Interactive Map (www.ren21.net/dre) presents all DRE market data collected for 2014 and 2015.
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Source:
See endnote 18
for this chapter.
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Figure 28. Market Penetration of DRE Systems in Selected Countries
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Figure 29. Number of Solar Lighting Systems
in Top Five Countries, End-2014
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for this chapter.

Figure 30. Number of Solar Home Systems
in Top Five Countries, End-2014
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Bangladesh 3,600,000
India 1,100,000
China 500,000
Nepal 500,000

Source:
Kenya 320,000 See endnote 27

for this chapter.

Figure 31. Number of Biogas Installations
in Top Five Countries, End-2014

Biogas Installations

Figure 32. Number of Installed Clean Cook Stoves
in Top Five Countries, 2012-2014
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Figure 33. Capital Raised by Off-Grid Renewable Energy Companies in 2015 .
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- L See endnote 51
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Off Grid M-KOPA BBOXX Nova Fenix Mobisol Green-
PAYG companies attracted about 58% of the money raised by Electric Lumos Inter- light
off-grid solar companies in 2015. national Planet

THE LARGEST MARKET FOR OFF-GRID SOLAR PRODUCTS WAS

SUB-SAHARAN AFRICA (1.37 MILLION UNITS),
FOLLOWED BY SOUTH ASIA (1.28 MILLION UNITS SOLD)
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Argentina (2011), 2.4 MW in India (2012) and 0.7 MW in Morocco
(2012).%

The use of DRE in the cooking and heating sector also continued
to flourish in 2015 due to advances in technology, increased
awareness of deforestation and increased government support.
At the end of 2014, it was estimated that, worldwide, some
28 million households had adopted clean cook stoves, most of
which were in Asia and Africa.®” (= See Figure 32,) The social
enterprise Envirofit International had sold 1 million cook stoves
across 45 countries as of November 2015,

In addition, the use of biogas for cooking continued to gain
prominence in 2015, For example, Bangladesh installed more
than 36,000 biogas cook stoves in 2015 through its domestic
biogas programme, to reach a total of 90,000 in operation.®® In
Africa, nearly 60,000 bio-digesters were operating in 2015 across
Burkina Faso, Ethiopia, Kenya, Tanzania and Uganda.*®

The year 2015 also saw the continued expansion of DRE for other
applications, such as energy for productive and commercial uses
as well as for public services such as street lighting or health
care” (= See Table 3.)

It is estimated that at least a few thousand mini-grids were in
operation as of 2015, with primary markets in Bangladesh,
Cambodia, China, India, Mali and Morocco.* In the Indian state
of Uttar Pradesh, a 250 kW solar mini-grid powering 60 street
lights and 450 buildings (homes, schools and a healthcare
facility) was finished in 20154 A number of mini-grid projects
also were launched in Africa, including the integrated Kalangala
Infrastructure Services Project in Uganda, a single solar-based
1.6 MW mini-grid.“*

Table 3. Examples of Distributed Renewable Energy Use for Productive Energy Services

ENERGY SERVICE INCOME-GENERATING VALUE

Irrigation Better crop yields, higher-value crops, greater reliability

RENEWABLE ENERGY TECHNOLOGIES

Wind, solar PV, biomass, micro-hydro

of irrigation systems, enabling of crop growth during

periods when market prices are higher

[llumination Reading, extension of operating hours
Grinding, milling, Creation of value-added products from raw agricultural
husking commodities

Drying, smoking
(preserving with
process heat)

Expelling Production of refined oil from seeds
Transport Reaching new markets

TV, radio, computer,
Internet, telephone
distributors

Battery charging Wide range of services for end-users

(e.g., phone charging business)

Refrigeration
products

Source: See endnote 41 for this chapter.

Creation of value-added products, preservation of
products that enables sale in higher-value markets

Selling cooled products, increasing the durability of

Wind, solar PV, biomass, micro-hydro,
geothermal

Wind, solar PV, biomass, micro-hydro

Biomass, solar heat, geothermal

Biomass, solar heat

Biomass (biodiesel)

Support of entertainment businesses, education, access ~ Wind, solar PV, biomass, micro-hydro,
to market news, co-ordination with suppliers and

geothermal

Wind, solar PV, biomass, micro-hydro,
geothermal

Wind, solar PV, biomass, micro-hydro




INVESTMENT AND FINANCING

The year 2015 saw closure of a number of financing agreements
to support DRE development worldwide. In India, the US Agency
for International Development (USAID), the David and Lucile
Packard Foundation and the Asian Development Bank agreed to
invest or provide financing for USD 41 million in off-grid energy
infrastructure, USD 15 million in clean energy "beyond the grid”
and USD 6 million for SHS.*> Also in Asia, the UK-based Impact
Investment Fund finalised a USD 2.1 million package to support
the activities of Sunlabob Renewable Energy (Lao PDR).“® The
African Development Bank launched its “New Deal for Energy
in Africa”, targeting 75 million off-grid connections by 2025 In
addition, the Millennium Challenge Corporation agreed to provide
a USD 46 million grant for off-grid electrification in Benin.*®

Investments in distributed solar systems continued to grow in
2015. Bloomberg New Energy Finance estimates that roughly
USD 276 million was invested in off-grid solar companies (solar
lanterns and home systems) during the year, bringing the total
since 2010 to more than USD 511 million.*® Pay As You Go (PAYG)
companies received 87% of all such direct investments in 2014
and 2015.%° For example, Off Grid Electric raised USD 70 million
in debt financing in 2015 to kick-start its partnership with the
Tanzanian government to provide solar electricity to 1 million
households over three years. Other market leaders in off-grid
solar - including M-KOPA, Nova Lumos, BBOXX, Mobisol, Fenix
International and Greenlight Planet - each raised investments of
USD 10 million or more in 2015.%' (- See Figure 33.) As part of the
Power Africa initiative (discussed in the section on programmes,
below), the US Overseas Private Investment Corporation (OPIC)
also agreed to provide Kenya and Nigeria with more than USD 20
million in loans to promote solar energy in 90,000 households.

Moving away from solar to micro-grids, the company Powerhive
(United States) secured a loan of USD 6.8 million to build 100
solar-powered micro-grids (which will power about 20,000
households and businesses), and Enel Green Power (ltaly)
announced that it will invest USD 12 million for the construction
and operation of a 1 MW portfolio of mini-grids in 100 villages.®
The International Finance Corporation (IFC) launched a USD
5 million programme to develop a market for mini-grids in
Tanzania to increase access to energy, while in Mozambique,
Energias de Portugal (EDP) secured USD 1.95 million to finance a
160 kW hybrid solar/biomass mini-grid to power 900 households,
33 productive users and 3 community buildings.®

To promote the use of clean cook stoves, more than
USD 400 million has been mobilised in the past five years.®*
In 2015, under the Enhanced Livelihoods Investment Initiative
(ELII) (a three-year, minimum USD 10 million investment
initiative), BURN Manufacturing (Kenya) secured an investment
of USD 800,000 to bring clean cook stoves to smallholder and
plantation workers on tea estates in Kenya and Tanzania.*® Early
in 2016, OPIC committed to finance USD 4 million of Envirofit's
activities to expand the use of clean cook stoves.®® Carbon
finance also continued to gain momentum as a commercial
pathway to generate revenue to scale up the deployment of clean
cook stoves; by mid-2015, 57 projects using carbon credits had

REN21

Renewable Energy
Policy Network
for the 21st Century

L O]~ |&

distributed 6.8 million clean cook stoves in 27 countries.®’

In addition to debt capital and equity financing from investment
funds and development banks, crowdfunding continued to
increase in popularity in 2015, with many institutions managing
crowdfunding campaigns to release new products or expand
into new areas.! Countries with low rates of energy access,
such as Tanzania and Uganda, have implemented a number of
micro-grids with funds from companies such as SunFunder.5® A
crowdsourcing model launched in 2015, "Gridmates”, is a web-
based platform that aims to expand access to DRE globally by
crowdfunding'®® In Nepal, Gham Power teamed up with other
local solar companies and Global Nepali Professional Network
to launch a new campaign called Rebuild with Sun, which has a
crowdsourced Indiegogo campaign that raised USD 150,000 for
solar power systems and micro-grids.°

In December 2015, an array of new financing and investment
initiatives was launched at the COP21 in Paris. For example,
the African Renewable Energy Initiative (AREI), which aims to
achieve universal energy access on the continent, plans to install
10 GW of additional renewable energy capacity by 2020, and
300 GW by 2030.°" France will double investments across Africa
in renewable energy projects - ranging from wind farms to solar
power and hydroelectric projects - to USD 2.2 billion between
2016 and 2020.°2 The International Solar Alliance, with members
from 120 countries, aims for large-scale solar PV expansion in the
tropics and beyond, and has a goal to raise USD 400 million from
membership fees and international agencies.®® In December
2015, the European Union launched the ElectriF! Initiative, a tool
with initial funding of USD 83.5 million that supports investments
in clean energy services.%

i Crowd-sourced platforms such as SunFunder, Indiegogo, Kickstarter, RocketHub and Pozible have become increasingly accessible in recent years through

the Internet.

i Gridmate users donate hours of energy via PayPal.
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Figure 34. Number of Pay As You Go Enterprises by

INDUSTRY DEVELOPMENT
AND BUSINESS MODELS

Country/Region
In addition to enhanced investment and positive market trends,
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Micropower Company are electrifying rural villages by pairing
commercial solar customers with telecom companies that need
to power their cellular towers. A solar-powered mini-grid is first
built to power the phone tower, on which additional mini-grid
capacity is developed that can be sold to local villagers.

The year 2015 also saw the launch in East Africa of the "Powerhive”
business model, which combines solar PV arrays, battery storage
and smart metering systems with mobile telecommunications
and payment applications.®® M-KOPA uses charging outlets
for mobile phones as a key part of its business model in Africa.
More than 280,000 homes in Kenya, Tanzania and Uganda used
M-KOPA's solar systems with mobile payment and charging
configurations during the year.®”

Marshall Islands Source:

. See endnote 69
Pacific Islands for this chapter.
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The market for PAYG solar - micro-payment schemes that
have become more popular in recent years - continued to grow
in 2015.%8 Under PAYG schemes, customers typically pay a
small upfront fee for a solar charger kit, a portable system and
a control unit that can be used for powering LED lights and
charging devices such as mobile phones. They then pay for
the energy they need, either in advance or on a regular basis
depending on consumption. It is estimated that by the end of
2015, the PAYG model had been commercialised by some 32
companies operating in nearly 30 countries.®® (- See Figure 34.)
It is most prominent in East African countries (Kenya, Uganda
and Tanzania) and in India, but it is quickly developing in other
regions as well.

Examples of successful PAYG operations include Simpa Networks
(India), SolarNow (Uganda), MKOPA (Kenya), Off Grid Electric
(Rwanda and Tanzania) and Azuri (spread across sub-Saharan
Africa). Greenlight Planet (in East and West Africa, and South
Asia), a market leader that has commercialised about 3 million
solar lighting systems, launched its PAYG model in early 2015. In
Tanzania, Off Grid Electric is installing off-grid solar devices for
more than 10,000 households and businesses per month using
this model.”

Another category of business model focuses on bundled
packages that sell not only energy equipment but also integrated
services, from simple solar lamps with radios and mobile phones
to aspirational products such as televisions. In Nicaragua,
Barefoot Power sells a small plug-and-play home system, which
can provide lighting services to households, charge a cell phone
and power a portable DVD player.”!
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POLICY DEVELOPMENTS

Government policies in developing countries are one of the most
important factors for the deployment of DRE technologies.”
Robust policy frameworks that address a wide range of market
issues - from regulations and financing to business support and
training - can lead to rapid transformations in energy access.”

Policies that support DRE deployment include auctions,
dedicated electrification targets, initiatives related to clean
renewable cooking, and fiscal and other incentives that focus
on specific renewable energy technologies (e.g., exemptions on
VAT and import duties). An array of national governments across
Africa, Asia and Latin America announced the expansion of
existing targets and policies for DRE systems or the creation of
new ones during 2015. Kenya, Rwanda and Tanzania all removed
VATs on solar products in 2014-2015. India successfully removed
excise duties on off-grid solar systems in 2014, and, in 2015, Uttar
Pradesh (the Indian state with the most people lacking access
to energy) announced plans to waive its VAT on solar energy
equipment as well.”* (- See Table 3.)

In Africa, Rwanda approved its new energy policy, which included
a target of reaching 22% of its population with DRE systems
by 2017/2018, thereby increasing its off-grid power generation
to 22 MW. Even before this policy was approved, Rwanda had
partnered with Mobisol and the EU to provide solar PV systems
to 49,000 households and 1,000 schools by 2019, representing a
total installed capacity of 7.9 MW.” Tanzania announced a target
of 1 million solar installations by the end of 2017, which is expected
to supply solar electricity to 10% of the nation’s population and to
create over 15,000 solar jobs.”® Ghana launched a PAYG home
solar programme in collaboration with Azuri Technology to
provide electricity to 100,000 households.”” Mali is promoting the
sale of 1,500 solar kits with the support of local banks, which will
offer special loans to users.’

In Asia, the Philippines announced plans to build 150 to 200
micro-hydropower plants to provide electricity to people in remote
regions, with a goal of increasing the country's hydro generating
capacity by 50 MW.” Bangladesh declared its intention to install
up to 6 million SHS by 2018 and plans to finance the installation
of about 1,550 solar irrigation pumps by 2017.2° India announced
plans to install some 8,960 solar agri-pumps in the state of
Maharashtra by the end of 2015; in addition, 500 solar-powered
mini-grids are to be installed by the end of 2016 through the
state's Smart Power for Rural Development programme, financed
by the Rockefeller Foundation.®" In early 2016, the Indian state of
Uttar Pradesh introduced its “Mini-grid Policy” encouraging the
development of solar/biogas/biomass mini-grids of up to 500 kW
with an array of incentives, including a 30% investment subsidy.®?

In Latin America and the Caribbean, Guyana announced plans
to install 6,000 SHS in its hinterland communities.®® Under the
National Photovoltaic Household Electrification programme,
Peru intends to install 12,500 solar PV systems to power
500,000 households to ensure that 95% of its population has
access to electricity by the end of 2018.84
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PROGRAMME DEVELOPMENTS

Beyond policy developments of individual countries, dozens of
international actors - including at least 30 programmes and
around 20 global networks - were involved in deploying DRE
in 2015. (> See Reference Tables R12 and R13.) New major
DRE programmes were announced in 2015, in addition to
the continued operation and expansion of existing ones. Most
programmes focused on the provision of electricity, although
there was notable activity in the cooking and heating sectors.
There also was continued momentum towards partnerships that
involved either supranational actors (such as the United Nations)
or multiple donor countries or sectors supporting a single
programme.

Perhaps the most significant change affecting the global policy
environment relates to the United Nations' announcement of new
"Sustainable Development Goals” as part of a post-2015 agenda
for development practitioners. Goal 7, adopted as one of the 17
key goals, states that universal access to affordable, reliable and
modern energy services needs to be ensured by 2030, among
other targets.®® This is in line with the UN’s other major energy
platform, Sustainable Energy for All (SE4All), which also calls for
universal energy access by 2030.%¢

Energising Development (EnDev), an energy access partnership
that is financed by six donor countries, continued its operations
into 2015.%” Since 2005, EnDev has helped 14.8 million people
obtain sustainable access to modern energy services in Africa,
Asia and Latin America by training 37,000 stove builders,
craftspeople, vendors and solar PV technicians.®® In support of
the Government of Rwanda's efforts, EnDev offered a subsidy of
up to 70% on investments in privately owned and operated mini-
grids of up to 100 kW.°

The Private Infrastructure Development Group (PIDG) also
continued to expand its reach. PIDG mobilises private sector
investment to assist developing countries in combating poverty,
including through the provision of infrastructure that is vital to
boosting economic growth.®® From 2010 to 2015, it supported
over 1,000 micro- and small-scale enterprises, 900 of which are
actively delivering products and services to their communities.
PIDG created approximately 3,000 jobs; reached over 4 million
beneficiaries with energy products and services, such as
improved cook stoves, briquettes, solar phone charging and
solar lighting; and changed how small enterprises do business
through enterprise-to-enterprise linkages, marketing and
promotional events, business planning, product improvement
and standardisation.”!

In 2015, the United States continued its commitments to DRE
systemsthrough a variety of programmes and agencies. Two years
after its original launch, Power Africa - a partnership between
the US government, African governments, multilateral and
bilateral partners, and the private sector - announced expanded
commitments to increase generating capacity and electricity
access across sub-Saharan Africa. OPIC mobilised an additional
USD 1.4 billion in private capital directed at energy access
projects in Africa and announced an additional USD 1 billion
commitment through 2018.%2 In addition, USAID placed more
than 25 advisors across sub-Saharan Africa to advance power
sector transactions and provide technical assistance to improve
the enabling environment for private sector investment.®

Electricity was not the only area that saw activity. The Global
Alliance for Clean Cookstoves (GACC) had provided improved
stoves to an estimated 24 million households - most of which
are fuelled by renewable energy (although some by liquefied
petroleum gas) - by the time it celebrated its five-year anniversary



in 2015. In 2014, GACC projected that it would reach 63 million
households by 2016.%4 Its partner network grew from 19 in 2010
to more than 1,300 in 2015.% Through GACC's activities, by
2015, 28 countries were actively engaged in the development
of International Organization for Standardization-approved
standards for clean cook stoves; 16 GACC-supported cook stoves
and fuel testing centres were operating in 14 countries around the
world; and over 300 stoves had been featured in GACC's Clean
Cooking Catalogue.®® In addition, since the GACC's founding in
2010, 19 new investors have deployed more than USD 60 million,
and USD 265 million in carbon finance has been directed to the
sector.?”

The year also saw the creation of entirely new multilateral
programmes and networks. In late 2015, the United Kingdom
announced a new multilateral programme called Energy Africa
in an effort to accelerate the expansion of household solar
energy throughout the continent.®® The Energy Africa campaign,
a multi-donor effort to be managed by the UK's Department
for International Development, seeks to overcome financial
hurdles and market failures that are preventing firms from raising
capital by testing new approaches and reaching poor and rural
customers. It aims to overcome the policy and regulatory barriers
to household energy access, for example by drawing African
countries into the compact to accelerate clean energy access.*®

In September 2015, the international Stiftung Solarenergie
(Germany) started the Solar Entrepreneur Network for

Decentralized Energy Access (Sendea), which seeks to enable
solar entrepreneurs to create their own companies. Operating in
East Africa and Asia, Sendea intends to establish solar villages
for social impact, awareness creation and training; to implement
a revolving fund to finance products for end-users; and to train
solar technicians in technology, management and finance.'®®
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THE PATH FORWARD

The demand for DRE systems remains a matter of prime social
and economic significance for billions of people around the world.
In many developing countries, political instability and corruption
make it difficult to access financing for DRE projects, slowing
advances despite positive technology developments.”' However,
when backed by strong financing and investment, coupled with
robust policy frameworks, DRE systems have proven to be both
a reliable and affordable means for achieving access to modern
energy services. DRE systems will only continue to grow more
reliable and affordable as technological improvements and
innovative business models enable them to spread to new
markets. DRE systems stand at the centre of global efforts to
induce a paradigm shift towards poverty eradication, green
economies and, ultimately, sustainable development.
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Citizens’ involvement beyond the community’s border
Vermont's first community-owned solar facility in Putney serves 49 customers across nine counties.

The customers not only consume the renewable electricity generated by the solar PV plant, but also financially
(b participate in the utility and collectively own the facility. The project - a joint effort with the solar developer
- enables citizens without suitable roofs or spaces to engage in bringing solar energy to their community.
Working together with their local utility, this community demonstrated the potential for successful partnerships
with the private sector to bring renewable energy to the local level.

Vermont, United States | Created: 2013 | Participating utility customers: 49 | Capacity: 114kW solar PV
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04 INVESTMENT FLOWS

Global new investment in renewable power and fuels (not
including hydropower projects >50 MW) was USD 285.9 billion in
2015, as estimated by Bloomberg New Energy Finance (BNEF).
This represents a rise of 5% compared to the previous year and
exceeds the previous record of USD 278.5 billion achieved in
2011, Investment in renewable power and fuels has exceeded
USD 200 billion per year for the past six years. (= See Figure 35.,)
Including investments in hydropower projects larger than 50 MW,
total new investment in renewable power and fuels was at
least USD 328.9 billion in 20157 Note that these estimates

do not include investment in renewable heating and cooling
technologies. (- See Reference Tables R14.)

In 2015, global investment in new renewable power capacity
(excluding hydropower >50 MW), at USD 265.8 billion", was
more than double the USD 130 billion allocated to new coal- and
natural gas-fired generation capacity. This represents the largest
difference in favour of renewables to date. If hydropower projects
>50 MW are considered, the spread between renewables and
fossil fuel investment in new power capacity is even greater.

Figure 35. Global New Investment in Renewable Power and Fuels, Developed, Emerging and Developing Countries,
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i This chapter is derived from UNEP's Global Trends in Renewable Energy Investment 2016 (Frankfurt: 2016), the sister publication to the GSR, prepared
by the Frankfurt School-UNEP Collaborating Centre for Climate & Sustainable Energy Finance (FS-UNEP) in co-operation with BNEF. Data are based
on the output of the desktop database of BNEF, unless otherwise noted, and reflect the timing of investment decisions. The following renewable energy
projects are included: all biomass and waste-to-energy, geothermal and wind generation projects of more than 1 MW; all hydropower projects of between
1and 50 MW; all solar power projects, with those less than 1 MW estimated separately and referred to as small-scale projects or small distributed capacity;
all ocean energy projects; and all biofuel projects with an annual production capacity of 1 million litres or more. For more information, please refer to
the FS-UNEP/BNEF Global Trends report. Where totals do not add up, the difference is due to rounding.

i Note that declining costs of some renewable energy technologies (particularly solar PV and wind power) have a decremental impact on total investment
(all else being equal). Thus, growth in investment (monetary) does not reflect actual growth in installed renewable power capacity.

i Investment in large hydropower (>50 MW) is not included in the overall total for investment in renewable energy. BNEF tracks only hydropower projects

of between 1 MW and 50 MW, but it does make estimates for hydro >50 MW.

iv This number is for renewable power asset finance and small-scale projects. It differs from the overall total for renewable energy investment (USD 285.9 billion)
provided elsewhere in this chapter because it excludes biofuels and some types of noncapacity investment, such as equity-raising on public markets and

development R&D.
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04 INVESTMENT FLOWS

Asset finance of utility-scale' projects such as wind farms and
solar parks dominated investment in 2015 at USD 199 billion, or
6% above 2014. Small-scale solar PV installations accounted for
the remainder, at USD 67.4 billion worldwide. Distributed solar
PV systems are gaining ground in many developing countries as
immediate and affordable alternatives to centralised, grid-based
power systems.

For the first time in history, total investment in renewables
(excluding large hydro) in developing countries exceeded that
in developed economies. The developing world, including
China, India and Brazil, committed a total of USD 156 billion,
up 19% compared to 2014. China played a dominant role in this
turnaround, increasing investment by 17% to USD 102.9 billion, or
36% of the global total. In 2015, renewable energy investment also
increased significantly in India, South Africa, Mexico and Chile.
Other developing countries investing more than USD 500 million
in 2015 included Morocco, Uruguay, the Philippines, Pakistan and
Honduras.

By contrast, investment in developed countries as a group
declined by 8% in 2015, to USD 130 billion. The most significant
decrease in investment was seen in Europe, down 21% to
USD 48.8 billion, despite its record year financing offshore
wind (USD 17 billion, up 11% from 2014). In the United States,
investment (dominated largely by solar power) increased by 19%,
the country’s largest increase since 2011

Investment in renewable capacity has been weighted increasingly
towards wind and solar power. In 2015, investment in solar power
capacity was up 12% to USD 148.3 billion, while investment in
wind power capacity advanced 9% to USD 107 billion. Investment
in other renewable capacity declined in the same period: biomass
and waste-to-energy dropped 46% to USD 5.2 billion, small-
scale hydropower dropped 26% to USD 3.5 billion, geothermal
slipped 25% to USD 1.8 billion and biofuels dropped 67% to
USD 669 million.

i "Utility-scale” in this chapter refers to wind farms, solar parks and other renewable power installations of 1 MW or more in size, and to biofuel plants of

more than 1 million litres’ capacity.

Figure 36. Global New Investment in Renewable Power and Fuels, by Country/Region, 2005-2015
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INVESTMENT BY ECONOMY

The shift in renewable energy investment from developed
to developing and emerging economies is not surprising, as
the latter have a rapidly rising electricity demand and need
the most additional power generation capacity. Although the
developed world has provided substantial financial support for the
development and deployment of renewable energy technologies
over the past three decades, such support has declined in many
countries in recent years. At the same time, the falling costs of
renewable energy technologies, mainly solar and wind power, have
made projects viable in resource-rich developing and emerging
economies, as well as in more locations in developed countries.

Trends in renewable energy investment varied by region in
2015, with increased investments in China, India, Africa and the
Middle East, and the United States, and decreased investments
in Canada and Europe. (= See Figure 36,) The top 10 national
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investors consisted of six developing countries (four of which are
BRICS' countries) and four developed countries. China led with
more than double the investment of the next largest investor,
the United States, followed by Japan, the United Kingdom and
India. The next five were Germany, Brazil, South Africa, Mexico
and Chile. While China, the United States, Japan and the United
Kingdom maintained their positions relative to 2014, India moved
up to displace Germany, which saw a sharp drop in investment.
South Africa, which had slipped off the top 10 list in 2014, ranked
eighth in 2015, and Mexico and Chile ranked among the top 10 for
the first time in 2015.

China witnessed the strongest dollar increase (up 17%) and
accountedforUSD102.9 billion (including R&D) of new investment
in renewable energy. Most of this total (USD 95.7 billion) was in
asset finance, with USD 5.5 billion invested in small-scale projects.
Wind power led investments in utility-scale projects, attracting
USD 47.6 billion of asset finance, compared with USD 44.3 billion

i The five BRICS countries are Brazil, the Russian Federation, India, China and South Africa.
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for solar power. Offshore wind had a breakthrough year in China,
with nine projects financed for an estimated USD 5.6 billion. The
country also invested significant sums in large-scale hydropower,
commissioning 16 GW of new projects during the year, a large
portion of which was projects >50 MW.? (= See Hydropower
section in Market and Industry Trends chapter,)

The United States, which invested USD 44.1 billion (including
R&D), continued to be the largest individual investor among
developed economies. The increase was due primarily to utility-
scale and rooftop solar PV. In terms of finance types, venture
capital and private equity finance for renewables increased
to USD 2.2 billion. Asset finance of utility-scale renewable
energy projects rose 31% to USD 24.4 billion - solar increased
37% (USD 13 billion) and wind was up 24% (USD 10.6 billion).
The rebound in wind asset finance and utility-scale solar PV
investment in 2015 was driven largely by the on-off saga of
national investment and production tax credits during the
previous year,

Japan's investment of USD 36.2 billion (excluding R&D) remained
relatively unchanged from 2014. Approximately 88% of total
investment went to small-scale solar PV projects, driven by the
country's generous solar feed-in tariff. Japan accounted for most
of the investment in the Pacific, excluding China and India, where
investment was USD 47.6 billion, slightly below the 2014 total.

The United Kingdom saw a considerable rise (25%) in renewable
energy investments - particularly for solar PV and wind power
(both offshore and onshore) - to USD 22.2 billion (excluding
R&D). Wind power was again the country’s best-performing
sector, with USD 10.5 billion for offshore projects. This compared
with USD 1.8 billion invested in small-scale solar PV.

Investment in India increased for the second consecutive year,
for a total of USD 10.2 billion in 2015. India’s increase was due
to a jump in utility-scale solar power financing, which reached
USD 4.6 billion, up 75% on the previous year, a direct result of the
new Indian government’s increased focus on renewable energy.
USD 41 billion of asset finance was invested in wind power, an
increase of 17% compared to 2014,

Apart from China, Japan and India, Thailand was the only
other country in Asia to reach USD 1 billion in asset finance
for renewables. Thailand was followed by the Philippines
(USD 798 million), Pakistan (USD 723 million), the Republic
of Korea (USD 395 million), Vietnam (USD 248 million) and
Kazakhstan (USD 101 million).

Germany, which ranked sixth globally for total investment, saw
overall financing fall by 46%, to USD 8.5 billion. This decline
was a result of the changing policy framework. (- See Policy
Landscape chapter) The total would have been even lower if
not for investment in two large offshore wind projects, totalling
USD 3.4 billion. Once Europe's engine of growth for small-scale
distributed solar PV, Germany saw its investment in this sector
contract by 57% in 2015, to USD 1.3 billion. Europe in general saw
investment fall 21% to its lowest total since 2006.

Brazil invested USD 7.1 billion in renewables, with wind power
asset finance up 46% over 2014 to USD 5.7 billion; solar power
projects received USD 657 million.

Elsewhere in the Americas (beyond Brazil and the United
States), investment fell 3% to USD 12.8 billion. However,
some countries saw significant growth. Mexico and Chile saw
asset finance increase to USD 3.9 billion (more than doubling)
and USD 3.4 billion (up 141%), respectively, and ranked ninth
and tenth globally for total investment. Chile led the region
for solar power by a large margin, investing USD 2.2 billion in
the sector. Other Latin American countries with significant
renewable energy investment were Uruguay (USD 11 billion),
Honduras (USD 567 million), Jamaica (USD 167 million), Peru
(USD 155 million) and the Dominican Republic (USD 129 million).

The Middle East and Africa saw investment increase from
less than USD 1 billion in 2004 to a record USD 12.5 billion in
2015, thanks partly to South Africa's successful Renewable
Energy Independent Power Producer Programme (REIPPP).
In South Africa, investment rebounded to USD 4.5 billion, up
from USD 1 billion in 2014. Much of the investment in renewable
energy occurred in the first quarter of 2015, which resulted from
a delay in the financial close of the remaining projects from
the Round 3 auction that occurred in 2014. The second largest
investor in Africa was Morocco (USD 2 billion), followed by
Kenya (USD 357 million), Uganda (USD 134 million) and Ethiopia
(USD 100 million).

i The Chinese government estimates that China invested USD 12 billion (CNY 78 billion) in 2015, down 17% from 2014, including hydropower facilities of all
sizes, per National Energy Agency of China, National Electric Power Industry Statistics, sourced from the National Energy Board, 15 January 2016,
http://www.nea.gov.cn/2016-01/15/c_135013789.htm; and National Energy Administration of China, National Electric Power Industry Statistics, sourced from
the National Energy Board, 16 January 2015, http://www.nea.gov.cn/2015-01/16/c_133923477.htm.


http://www.nea.gov.cn/2016-01/15/c_135013789.htm
http://www.nea.gov.cn/2015-01/16/c_133923477.htm

INVESTMENT BY TECHNOLOGY

Solar power was again the leading sector by far in terms
of new investment committed during 2015, accounting for
USD 161 billion, or more than 56% of total new investment in
renewable power and fuels (not including hydropower >50 MW).
Investment in solar power was up 12% over 2014. Wind power
followed with USD 109.6 billion, or 38.3% of the total (up 4%). The
remaining 5.7% was made up of biomass and waste-to-energy'
(USD 6 billion), biofuels (USD 3.1 billion), small-scale hydropower
(<50 MW) (USD 3.9 billion), geothermal power (USD 2 billion) and
ocean energy (USD 215 million). All technologies except solar and
wind power saw investment decline relative to 2014: geothermal
was down by 23%, ocean by 42%, biofuels by 35%, biomass and
waste-to-energy by 42% and small-scale hydropower by 29%.
(= See Figure 37,)

Until 2014, developed countries (namely Germany, ltaly and
Japan) dominated investment in small-scale solar power. In
2015, China, India, Chile, South Africa and other developing
and emerging countries ramped up deployment of both utility-
and small-scale investment in solar PV, and to some extent
concentrating solar power (CSP), closing the gap to less than
USD 1 billion; solar power investment in developed countries was
USD 80.8 billion, compared to USD 80.2 billion in developing and
emerging economies.

Renewable Energy
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A similar trend has been seen with wind power. In 2015, developing
and emerging countries invested USD 67.4 billion in wind power,
while developed countries invested only USD 42.2 billion.

Although BNEF does not track detailed statistics for large-scale
hydropower (projects greater than 50 MW in size), this was the
third most important sector for renewable energy investment
in 2015 (after solar and wind power). Translating hydropower
capacity additions into asset finance dollars per year is not
straightforward because the average project takes four years to
build. However, BNEF estimates that asset financing for large-
scale hydropower projects reaching financial go-ahead in 2015
totalled at least USD 43 billion.

Figure 37. Global New Investment in Renewable Energy by Technology, Developed and Developing Countries, 2015
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INVESTMENT BY TYPE

Global research and development' (R&D) spending was
almost unchanged in 2015, at USD 9.1 billion.

Government R&D was down 3% relative to 2014, to USD 4.4 billion,
and corporate R&D was up by 3% (to USD 4.7 billion). China’s
level of R&D spending challenged Europe's for the first time;
spending in Europe fell 8% compared to 2014 while that in China
rose 4%, with each investing USD 2.8 billion. In third place, the
United States spent USD 1.5 billion, a modest increase of 1%.

Total R&D spending on solar power rose 1% to USD 4.5 billion.
For the fifth year in a row,, R&D spending for solar power equated
that for all other sectors combined, and it was approximately 2.5
times that of the next closest technology, wind power. Investments
in wind power were unchanged over 2014, at USD 1.8 billion.
Investment in biofuels was down 3%, to USD 1.6 billion.

Asset finance of utility-scale projects accounted for the vast
majority of total investment in renewable energy. It totalled
USD 199 billion during the year, an increase of 6% relative to 2014,

Small-scale distributed capacity investment, largely rooftop
solar PV, was USD 674 billion. Falling costs and innovative
financing mechanisms are putting small-scale distributed solar
PV within reach of more people in developed, emerging and
developing economies.

Public market investment in renewable energy companies and
funds fell 21%, to USD 12.8 billion. However, it remained three
times higher than the total in 2012. Funds raised by initial public
offerings (IPOs) fell by 35% relative to 2014, to USD 2.3 billion.
However, secondary issues and private investment in public
equity (PIPE) rose by 4% to a new record of USD 6.7 billion.

Investment via public markets in "yield companies” (yieldcos)
started to emerge in 2013, with investors seeing this model as
providing steady dividend income at relatively low risk, at a time of
record-low interest rates. The noteworthy overall figure for public
markets investment in 2015 (USD 12.8 billion) hides the fact that
the year saw disproportionate equity-raising by renewable energy
companies, with North American yieldcos and their European
equivalents accounting for nearly half of the total. The yieldco
model came under closer examination in the second half of 2015
in response to a sudden reassessment by investors of whether
yieldcos were really growth stocks, and to a resulting sell-off.

Venture capital and private equity investment (VC/PE) in
renewable energy increased by 34% to USD 3.4 billion in 2015,
the second consecutive year of growth. Investment in early-
stage venture capital jumped 60%, although from a very low
base. There was a more modest 28% increase in late-stage
venture capital, while private equity made solid gains of 32%.
As in previous years, solar power companies led the field with
USD 2.4 billion in venture capital and private equity investment,
representing an increase of 58% compared to 2014. Due in part
to the falling costs of solar PV, venture investors have begun
to shift their focus away from improving the performance of
the hardware, to making solar technologies available to new
markets and previously unreachable sectors of society - for
example, the development of mobile-enabled solar systems for
off-grid communities in developing countries. (= See Distributed
Renewable Energy chapter,)

Acquisition activity - which is not counted as part of the
USD 285.9 billion in new investment - jumped to a record
USD 93.9 billion, up 7% compared to 2014, The scale of this total
is a sign of how large the renewable energy sector has grown in
terms of both annual sales and installed capacity. These figures
include corporate mergers and acquisitions (M&A); power
infrastructure acquisitions and debt refinancing; private equity
buy-outs; and the purchase of stakes in specialist companies by
trade buyers.

Corporate M&A - the buying and selling of companies - increased
by 63% to USD 19.2 billion. This increase represents a substantial
change from 2014, when corporate M&A fell 35%. Similar to
past years, the largest category of acquisition activity was asset
purchases and refinancing, which totalled USD 69.3 billion in 2015,
down 3% from the all-time high reached in 2014. Public market
investor exits were almost unchanged, at USD 1.8 billion, but
private equity buy-outs increased some 36% to USD 3.5 billion.
As usual, acquisition activity was dominated by wind power (at
USD 57.6 billion) and solar power (at USD 29.4 billion).

i See Sidebar 5in GSR 2013, "Investment Types and Terminology”, for an
explanation of investment terms used in this section.



SOURCES OF INVESTMENT

Debt makes up the majority of the investment going into many
utility-scale renewable energy projects, either at the project level
in the form of non-recourse loans, bonds or leasing; or at the
corporate level in the form of borrowings by the utility or project
developer. In 2015, commercial banks provided most of the
project-level debt for wind farms and solar parks in established
markets such as Europe, North America, China and India.

Bonds have been an alternative to conventional bank project
finance for many years. Issuance of green bonds hit a new record
of USD 48 billion in 2015, up 28% compared to 2014. A significant
proportion of the green bond issuance came from development
banks, commercial banks and utilities. Project bonds accounted
for a relatively small fraction of the world market for green bonds.

Apart from commercial banks and bond issues, the other major
source of debt for renewable power assets is borrowing directly
from the world's array of national and multilateral development
banks. Aggregate figures for development bank lending to
renewablesin 2015 were not yet available at the time of publication.
Among those that released preliminary figures in early 2016, the
European Investment Bank lent USD 3.4 billion to renewable
energy in 2015, down 42% from 2014; Germany's KfW indicated
that its renewable energy programme provided EUR 4.5 billion
(USD 4.9 billion), up from EUR 4.1 billion (USD 4.48 billion); and
Brazil's BNDES provided USD 1.8 billion to wind power projects,
with lending up by 85% in 2015.

Utilities continued to be an important source of equity for
renewable energy projects at the development or pre-
construction stage. Institutional investors such as insurance
companies or pension funds tend to be more risk-averse and
therefore interested in the predictable cash flows of an operating-
stage project. In Europe, direct investment by institutional
investors totalled USD 1.1 billion in 2014.

The year 2015 also saw several new approaches for channelling
debt and equity financing into renewable power projects
worldwide. This involved the establishment of platforms through
which institutional investors could have exposure to the equity
of clean energy assets but with the reassurance of having a
technically experienced bank involved alongside them. These are
akin to unquoted funds, except that the manager is an investment
bank that invests its own capital, rather than a conventional
private equity or infrastructure fund manager.

REN21

EARLY INVESTMENT TRENDS IN 2016

Global investment in renewable energy was USD 527 billion
in the first quarter (Q1) of 2016, down 12.5% from Q1 in 2015
(USD 60.2 billion). There were substantial wind power investments
in the United Kingdom and Norway; the decrease was due largely
to a decline in investment activity in China (USD 11.8 billion in Q1),
down 50% from Q4 and 37% lower than in Q1 2015. The reason
for this drop in China was a pause in investment following a rush
by wind and solar power developers in late 2015 to qualify for
electricity tariffs that were set to expire.

Investments in Europe were strong in early 2016, bucking the trend
of recent years. This was thanks largely to three billion-dollar wind
power projects that boosted Q1 investment to USD 17 billion, up
by 23% compared to Q4 in 2015 and up by no less than 70%
compared to Q1 in 2015, Investment in the United States rose
9% compared to the first quarter of 2015 (at USD 9.4 billion), and
in India it was up 6% (USD 1.9 billion). Large projects also were
financed in Africa in early 2016: the 300 MW Grand Para solar
PV installation in Djibouti and the 140 MW Olkaria V geothermal
plant in Kenya.

Brazil (down 27% compared to Q1 in 2015 to USD 1 billion)
and Japan (down 19% to USD 6.8 billion) also saw declines in
early 2016. South Africa recorded almost no deals in Q1 2016,
compared to USD 3.7 billion in the same quarter of 2015, due to
the timing of its auction rounds. Chile, Mexico and Uruguay also
had quiet starts to 2016.

Asset finance of utility-scale renewable energy projects amounted
to USD 34.3 billion worldwide in Q1 2016, down 16% compared
to the same quarter in 2015, Small-scale solar projects (< IMW)
represented the second-biggest category of spending, worth an
estimated USD 17.4 billion in Q1, up 3% compared to Q1in 2015.

»°

Renewable Energy

Policy Networ

for the 21st Century

I

105




» ¢
2000000 ¢
€

i %

2000 ¢

4
24
=

=50

2000 ¢

el
]

oS

Renewable energy benefits schools

b As part of an Indonesia-wide Greenpeace programme, the indigenous community of Ciptegelar village has

electrified its school building, benefiting the 150 students. Eight solar home systems were installed, providing

residential lighting to the entire community, helping to modernise its schools and education system.

Indonesia, Ciptagelar School | Created: 2013 | Solar home systems | 800 W of solar PV capacity
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05 POLICY LANDSCAPE

Nearly all countries worldwide now have renewable energy
support policies in place. As of year-end 2015, renewable energy
policies could be found in 146 countries, up slightly from the
145 countries reported in the Renewables 2015 Global Status
Report (GSR 2015)'. Countries around the world continue to
develop new policy measures for renewable energy that remove
barriers, attract investment, drive deployment, foster innovation
and encourage greater flexibility in energy infrastructure.! (= See
Table 4,)

In 2015, renewable energy technologies were highlighted as
a means to mitigate emissions and to adapt to the impacts of
climate change in the lead-up to the United Nations Framework
Convention on Climate Change (UNFCCC) 21st Conference
of the Parties (COP21) in Paris. Building on the goals of the
Sustainable Energy for All (SE4AIl) initiative, the new Sustainable
Development Goals adopted in 2015 include renewable
energy and energy efficiency as important pillars of the global
commitment to end poverty, protect the environment and ensure
prosperity for all.2

Policy makers at the national and sub-national levels continued
to grapple with themes that have shaped renewable energy
policy discussions in recent years, including revising existing
mechanisms to keep pace with changing market conditions,
creating new policies that respond to the technical and non-
technical challenges of higher renewable energy shares, and
expanding renewable energy in the heating, cooling and transport
sectors. Renewable energy for power generation continued to
receive the majority of attention from policy makers in 2015.

Some notable regional policy trends - explored in more detail in
this chapter - include:

m Africa: Several African countries increased their renewable
energy targets in 2015; in many African countries, the targeted
shares for renewables now rank among the highest in the
world.

The majority of the 15 ECOWAS member countries completed
their National Renewable Energy Action Plans.

South Africa garnered another impressive showing in the latest
round of its renewable tendering programme and began using
the same model to support biofuels.

B Asia and the Pacific: China and India both increased their
renewable energy targets.

Indian states were particularly active in expanding policies to
promote renewable power deployment through the adoption
of new net metering policies and the use of tendering.

Multiple Pacific Island nations outlined ambitious visions for
renewable energy deployment by introducing 100% renewable
energy targets in 2015.

B Europe: The EU adopted a new regionally binding target,
calling for a minimum of 27% renewable energy in final energy
consumption by 2030.

Countries began to implement the EU policy shift from feed-in
tariffs (FITs) to tendering mechanisms.

In response to sustainability concerns, the European
Commission introduced regulations on the use of first-
generation biofuels to meet the region's 2020 renewable
transport goals.

Support for renewable heat increased, including increased
targets in France and new renewable heat incentive schemes
in Eastern Europe.

B Latin America and Caribbean: Countries across the region
continued to establish some of the world's highest targeted
shares for renewable energy deployment,

The region remains at the forefront of the use of competitive
bidding for renewable energy project allocation, with many
tenders attracting record-setting participation and low bid
prices.

B Middle East: Renewable energy tendering expanded across
the region, with new tenders taking place in Irag, Jordan and
the United Arab Emirates.

New support for renewable power projects was introduced
through new net metering policies and new fiscal incentives.

B North America: The US federal investment and production
tax credits were extended.

Many states expanded existing Renewable Portfolio Standards
(RPS), including increased commitments from California and
New York and the country’s first 100% RPS in Hawaii.

The roll-back of net metering incentives, which began in 2014,
continued in 2015.

i All GSR estimates for the numbers of countries with policies and targets are based on the best information available to REN21 at the time. This chapter

includes policy developments from calendar year 2015.
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This chapter highlights various policy types - such as targets,
mandates, incentives and enabling mechanisms - that were
added or revised during 2015 in the power, heating and
cooling, and transport sectors at the regional, national and
sub-national levels; the final section focuses on local policy
developments. Developments related to each type of policy
mechanism are described independently, although a targeted
mix of complementary policies often addresses these sectors
jointly. Renewable energy policies often are one component
of broader national clean energy strategies, which also may
include mechanisms to promote energy efficiency. (- See Energy
Efficiency chapter and Figure 38.)

The new policy developments featured in this chapter are
intended to provide a snapshot of 2015 developments and
emerging trends in renewable energy policy. This chapter does
not attempt to assess or analyse the effectiveness of specific
policy mechanisms. Specific details on new policy adoptions and
policy revisions are included in the policy reference tables and
policy endnotes, beginning on pages 161 and 247, respectively.

TARGETS

Worldwide, targets for renewable energy continue to be a
primary means for governments to express their commitment to
renewable energy deployment. As of year-end 2015, renewable
energy targets had been established in 173 countries at the
national or state/provincial level. Targets also have been adopted
at the regional level, incorporating joint commitments by several
countries.

Setting ambitious, long-term renewable energy targets
demonstrates political commitment and can catalyse change
by providing an official mandate for action. Targets take many
forms and have varying levels of specificity, and many are linked
to broader development initiatives. To achieve their targets, policy
makers often adopt mechanisms including regulatory measures,
fiscal incentives and public financing options. Increasingly,
in many countries, policy makers are tracking the success of
adopted measures and, if necessary, are revising existing policies
or instituting new measures to meet their goals. A number of
targets adopted by developing nations have included explicit calls
for international assistance to help achieve their stated goals.

Targets are adopted in a variety of ways, ranging from
announcements by governments or heads of state to fully codified
plans accompanied by quantifiable metrics and compliance
mechanisms.® The lines between target and regulatory policy
mechanisms are often blurred, as in the case of RPS that establish
mandatory shares, or "targets”, of renewable power that utilities
must achieve by a specified date.

A number of regions have established targets for renewable
energy deployment in recent years. Led by the EU, this trend has
expanded to cover organisations in Africa (ECOWAS) and the
Caribbean (CARICOM). Although no new regional commitments
were established in 2015, the EU built on its 2020 targets by
establishing a long-term objective of a minimum of 27% of final
energy consumption by 2030; while binding at the regional level,
the 2030 target lacks legally binding national mandates.* In
ECOWAS, almost all of the 15 member countries finalised their
National Renewable Energy Action Plans that were mandated
under the regional energy policy.®

Several countries around the world set economy-wide targets
for renewable energy deployment in 2015. (- See Reference
Tables R15 and R16.) They include many in Africa (Djibouti,
Ghana, Guinea, Liberia and Togo), Asia and the Pacific (China,
Indonesia, Lao PDR, Thailand and Vanuatu), Europe (France and
Portugal), the Middle East (Jordan, Lebanon and the United Arab
Emirates) and South America (Brazil and Guyana).® (Additional
sector-specific renewable energy targets are discussed later in
this chapter.) Also in 2015, 74 countries identified quantifiable
renewable energy goals in their INDC submissions'.” (-~ See
Sidebar 4.) Many countries have also joined international
renewable energy initiatives with global targets, including SE4AIl.

In addition to formal regional targets, the development of new
sustainable energy centres for Small-Island Developing States
(SIDS) as well as regional centres in the Caribbean (CCREEE),
Southern Africa (SACREEE) and East Africa (EACREEE),

i INDCs are national post-2020 climate action commitments submitted to the UNFCCC in preparation for the Paris COP. They include a mix of new and

existing renewable energy targets.



spearheaded by UNIDO, is designed to further enhance regional
collaboration on renewable energy as well as energy efficiency.

A number of sub-national governments also made new renewable
energy commitments in 2015 both at the state/provincial and
municipal levels. The Compact of States and Regions includes
commitments to renewable energy from some of the world's
largest sub-national actors, including the US states of California
and New York; the Canadian provinces of Ontario and Québec;
Rio and Sao Paulo in Brazil, as well as territories in Australia and
Europe.®

While targets are an important tool, they do not guarantee
success. For example, the United Kingdom confirmed in
November that it would miss the EU's requirement of a 15%
share of renewable energy in the country's energy consumption
by 2020, citing the lack of properly designed policy mechanisms
(primarily in the transport and heat sectors) to meet its goal.®
Spain also is expected to miss its 2020 obligation.”

POWER GENERATION

Policy makers continued to utilise deployment targets to
outline their visions for power sector development, including
the expansion of electricity access. In Africa, the Republic of
the Congo, Eritrea, Gabon and Namibia established renewable
power targets of 70% or greater, with lower goals set in Cote
d'lvoire, Djibouti, Liberia and Sudan.” Policy makers in Latin
America also set some of the world's highest renewable power
share targets, led by Costa Rica (100% by 2030), Uruguay (95%
by 2017), Belize (85% by 2027), Guatemala (80% by 2030) and
Bolivia (79% by 2030). Lower shares were targeted in Brazil,
Chile and Paraguay." Building on past commitments, a number
of SIDS committed (through their INDC submissions) to the full
transformation of their power sectors. For example, Papua New
Guinea, Samoa and Vanuatu all committed to achieving 100%
renewable electricity by 2030, and Cabo Verde committed to
100% by 2035,

New goals for lower renewable shares as well as renewable
capacity targets have been set around the world. (- See
Reference Tables R17-R19.)

State- and provincial-level policy makers also established new
commitments to renewable power in 2015. Notably, Hawaii
announced its intention to become the first US state to run
entirely on renewable power, setting an RPS mandate for 100%
renewables by 2045 Other state/provincial targets can be
found in Australia, Belgium, China, Kosovo, New Zealand, the
United Arab Emirates and the United Kingdom. The state of
Lower Austria in Austria achieved its goal of generating 100%
of the area’s power from renewable sources in November 2015.'

As of year-end 2015, feed-in policies (feed-in tariffs and feed-in
premiums; see Glossary) remained the most widely adopted
form of renewable power support, in place in 75 countries at the
national level and in 35 states/provinces/territories. In 2015, with
no new countries adding new feed-in policies for the first time
since 2000, the rate of new adoption continues to remain far
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below that of the peak in the mid-2000s. (= See Figures 38 and
39, and Reference Table R20.)

Globally, feed-in policies are in the midst of a transitional period,
with policy makers making significant changes to rates and
design to keep pace with changing market conditions brought
on by technological innovation, increasing deployment, falling
prices and shifting public opinion. Some countries with mature
renewable energy markets, for example, have targeted their FITs
to specific technologies (e.g., smaller-scale generators or solar
PV), while phasing in competitive bidding to support larger-scale
projects. At the same time, countries with less-mature renewable
energy markets have continued to explore the use of feed-in
policies to broadly incentivise project development.

In Europe - the birthplace of the modern feed-in policy -
significant changes were made to a number of national FIT
frameworks in 2015. Some changes have been instituted in
response to European Commission (EC) State Aid guidelines that
require a shift to renewable tenders for many projects by 20177,
For example, in response to EC recommendations and public
opinion, Germany removed FITs for solar PV projects of 0.5-10
MW in size in favour of new tender schemes.” France and Poland
also have used tendering to allocate large-scale renewable
energy projects over 250 kW and 500 kW, respectively.®

While FIT rates were reduced in some countries, including the
United Kingdom and Ukraine, small-scale solar PV systems saw
an increase in support in other countries, including France, Malta
and Poland.” FIT schemes were also expanded: for example, both
France and Ukraine extended support to cover bio-power, with
the programme in Ukraine also covering geothermal power.'®

Feed-in rate review and revision occurred in many of Asia's
largest economies, continuing a trend of the last few years.
New rates were introduced in Malaysia and Pakistan, whereas
policy makers in China, Japan, the Philippines and Thailand
made revisions to solar PV and wind FIT rates, both positive and
negative. For example, the Philippines doubled the capacity cap
for wind power projects under the FIT while lowering rates.™

In the Middle East and North Africa (MENA) region, Algeria
implemented the FIT policy adopted in 2014, offering preferential
tariffs for solar PV and wind projects of 1 MW and over.? In sub-
Saharan Africa, Ghana instituted a temporary cap on its FIT that
limits utility-scale solar PV until the country can assess the impact
of initial projects that are pending construction and connection.?
Changes also were made in Tanzania, which revised tariff
rates during 2015, moving from payments based on seasonally
adjusted utility avoided costs to technology-differentiated tariffs
that are adjusted based on the US Consumer Price Index.??

No new FIT policies were added in Latin America during 2015, and
few changes were made to the region’s existing policies during
the year. Ecuador eliminated FIT support to all technologies,
while regulators in Costa Rica proposed new FIT rates for solar
PV systems.?®

i Some targets include large-scale hydropower and some do not. See Reference Table R17 for additional details.

i The guidelines include certain exemptions to the tendering requirement, including for small-scale projects (capacity ranges set by technology) and

technologies in early stages of development.
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Sidebar 4. Renewable Energy in Intended Nationally Determined Contributions (INDCs)

and the COP21 Paris Agreement

National commitments to renewable energy deployment
received global attention throughout 2015 as the international
community worked to reach a global climate change agreement.
In December 2015, 195 countries adopted the first-ever universal,
legally binding global climate deal. In a shift from past processes,
the Paris Agreement drew heavily on a bottom-up approach
in which nations outlined their own concrete post-2020
mitigation commitments under Intended Nationally Determined
Contributions (INDCs) submitted throughout the year',

Although the INDC commitments relate to all sectors of the global
economy, countries around the world identified the deployment
of renewable energy technologies as an effective mechanism for
achieving emissions reduction goals. The new goals expressed in
the INDCs draw on well-established renewable energy policies
and targets that countries have enacted for decades. Although
non-binding in nature, these activities outlined through the INDC
process served as the basis for the Paris Agreementt.

A majority of the INDCs aim to decouple energy use and emissions
through commitments to scaling up the deployment of renewable
technologies. Of the 162 INDCs submitted, 106 indicate national
intentions to increase renewable energy deployment, and 74 of
these outline specific goals for renewable power, heating and
cooling, and transport technologies.

The scope and ambition of pledges vary greatly from country
to country. Many countries indicated their intention to rely on
policies and goals developed independently of the global climate
negotiations to meet their international emissions commitments,
while others used the INDC process as an opportunity to
introduce new or more-ambitious goals and strategies.

To meet their targets, some INDC submissions include calls for
specific policy mechanisms (such as feed-in tariffs or public
financing schemes) to drive national advances in renewable
energy and energy efficiency. Many other INDCs necessitate
a concerted effort from domestic policy makers to identify and
implement those policy measures that can best achieve national
goals. Sierra Leone, for example, called for the adoption of
specific emissions reduction actions such as a feed-in tariff and
the removal of fossil fuel subsidies.

Economy-wide renewable energy goals from some of the world's
largest economies include Brazil's target for renewables to meet
45% of total energy needs by 2030 and the United Arab Emirates’
target of 24% by 2021. China, a country with far-reaching existing
domestic renewable energy targets, committed to increasing its
share of non-fossil fuel energy" to 20% by 2030.

Power generation technologies received the majority of attention,
with many INDCs committing to the deployment of specified
capacities or shares of renewable technologies. Non-Annex |
countries were primarily responsible for the highest targeted
renewable power shares submitted.

i INDCs are a new and innovative tool submitted for the first time in the lead-up to the 2015 UNFCCC 21st Conference of the Parties (COP21) to outline
post-2020 climate actions that countries intend to take under an international climate regime. INDCs were born out of the 2013 Warsaw decision, in which
countries agreed "To invite all Parties to initiate or intensify domestic preparations for their intended nationally determined contribution, without prejudice
to the legal nature of the contributions”. Although the Paris Agreement is legally binding, it does not obligate countries to meet their individual national-

level targets.

i The Paris Agreement represents a commitment by 195 countries to limit the increase in global average temperature to well below 2 degrees Celsius above
pre-industrial levels and to promote universal access to sustainable energy in developing countries.

i The 162 individual submissions cover 189 countries, which account for approximately 95% of global emissions and 98% of the global population. The
European Union submitted an INDC covering 28 Member States. A total of 160 INDCs was submitted in 2015, and Nepal and Panama submitted their

INDCs in 2016, bringing the overall total to 162.
iv Non-fossil energy includes nuclear power.

v The UNFCCC divides countries into three main groups: Annex |, Annex Il and Non-Annex |. Non-Annex | includes primarily developing countries.
Many Non-Annex | country targets include large-scale hydropower development.
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Specific commitments to renewable heating received
comparatively little attention. However, examples of
renewable heat goals include the INDCs of Malawi
and Jordan, which include commitments to increased
deployment of solar water heaters.

Approximately 75% of all countries that submitted an
INDC highlighted the transport sector - which relies
almost exclusively on fossil fuels - as an important target
for mitigation. Although the majority of transport-focused
measures sought to reduce fuel consumption through
fuel efficiency standards or increased public transport,
some countries - including Burkina Faso, India, Lao PDR,
Liberia, New Zealand, Seychelles and Uruguay - explicitly
committed to increased use of biofuels to meet their goals.

Success in meeting the most ambitious renewable energy
goals may depend in part on the world's developed nations
following through on their collective pledge to provide USD
100 billion per year through 2025; increasing voluntary
commitments from other countries; and leveraging private
sector capital to supplement public finance delivered
through mechanisms such as the Green Climate Fund
and the Global Environment Facility. Many developing
countries have underlined the need for financial assistance
by submitting “conditional” targets that call explicitly
for international financial support as a requirement for
meeting their stated goals. The Paris Agreement secured
commitments from industrialised nations to mobilise these
funds.

If fully implemented, the INDC renewable energy goals are
expected to boost technological innovation and renewable
energy deployment, particularly in the power sector. Several
recent analyses have examined the potential impacts of
the INDC commitments and the Paris Agreement. One
analysis projects that wind power capacity will nearly triple
and that solar power capacity will increase five-fold over
the next 15 years to meet national climate commitments.
These figures are very much in line with some of the most
ambitious growth scenarios outlined by international
organisations and agencies. Other projections paint a
similarly sunny future for renewables under the new climate
regime built on the INDC commitments, with new growth
estimates for renewable energy in 2030 beating previous
projections by 18%.

Further scaling up of the commitments made in INDCs
will be necessary to hold the increase in global average
temperatures to below 2 degrees Celsius. Starting in 2018,
national commitments will be revisited every five years,
with countries assessing progress and encouraged to
submit progressively more ambitious goals.

Source: See endnote 7 for this chapter.
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In North America, feed-in policies continued to exist only
at the state and provincial levels. No new states/provinces/
territories added feed-in policies in 2015, but two revised existing
programmes. In Canada, Nova Scotia closed the Community
Feed-in Tariff (COMFIT) programme to all new applicants after
reaching a projected 125 MW of projects by year-end 2015, and
Ontario introduced new rates for its MicroFIT programme -
which supports projects 10 kW or less in size - targeting 240 MW
of new projects in 2016.%

The use of competitive bidding, also referred to as tendering or
auctioning, has gained momentum in recent years. In 2015, the
number of countries utilising tendering mechanisms increased
to 64, up from 60 in 2014, Many of the world's developing and
emerging countries attracted record bids in terms of both low price
and high volume. All BRICS countries'continued their interest in
tendering: Brazil held several auctions throughout the year, with
solar PV and wind power accounting for the majority of project
allocations, followed by biomass and small-scale hydropower';
the Russian Federation approved 365 MW of solar PV, wind
and hydropower projects; China issued a 1 GW solar PV tender;
India's new national offshore wind energy policy, introduced in
2015, includes tenders to take place in later years; and South
Africa saw the first allocations under its small project window,
while continuing to receive high levels of engagement under its
Renewable Energy Independent Power Producer Procurement
Programme (REIPPPP)i.25 (- See Reference Tables R22.)

Latin America, an early adopter of renewable energy tenders,

i The five BRICS countries are Brazil, the Russian Federation, India, China
and South Africa.

i Brazil's auction rules require bidders to secure guaranteed grid access
prior to participating.

The REIPPPP programme has approved a total of 6,327 MW of new
renewable energy capacity from 92 individual projects since its creation
in 2011 and is now being used as a model to allocate contracts for IPPs
utilising all forms of energy sources in South Africa. The programme uses
weighted development criteria such as local job creation, local content,
local ownership and development, etc. during bid evaluation to maximise
the national development potential of selected renewable energy
projects.
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Figure 38. Number of Renewable Energy Policies and Number of Countries with Policies, by Type, 2012-2015
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Figure 39. Countries with Renewable Energy Power Policies, by Type, 2015
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Figure 40. Countries with Renewable Energy Heating and Cooling Obligations, 2010-2015
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remained one of the most active regions in 2015. Argentina
began preparing tenders to be launched in 2016, while Peru
held its fourth round of auctions, offering 1,300 GWh of biomass,
wind and solar PV power, and also awarded a power purchase
agreement (PPA) to supply electricity to rural households
through 150,000 solar home systems.?® Mexico and El Salvador
announced plans to hold their first and second renewable energy
auctions, respectively.?”

In the MENA region, both Irag and Jordan held their first tenders,
and Morocco awarded 850 MW of new wind projects.?® Turkey
held multiple auctions that attracted bids totalling nearly 15 times
the capacity offered.?® In Europe, tenders were held in countries
including France, Germany and Spain.®

Although auction mechanisms have been used primarily at the
national level, their adoption is expanding among sub-national
jurisdictions as well. Several Indian states employed tenders
in 2015 to support solar power deployment. Notable examples
include Andhra Pradesh, Karnataka, Rajasthan, Telangana
(which held two solar tenders for 400 MW) and Jharkhand (which
announced plans to allocate 1,200 MW of small- and large-scale
solar contracts).®" In addition, the Emirate of Dubai in the UAE
awarded a contract for a 200 MW solar PV park and opened its
third solar PV tender (800 MW).32 The Australian Capital Territory
launched its second utility-scale wind power auction in 2015.%°

Net metering / net billing policies were in force in 52 countries
as of year-end 2015. Net metering / net billing has been utilised
to support the deployment of small-scale, distributed renewable
energy systems by enabling generators to receive credit or
payments for excess on-site generation. In many cases, net
metering policies have been adopted in conjunction with other
policy mechanisms - such as FITs or auctions - that support
larger-scale projects.

Although the pace of new adoption of net metering policies had
slowed in recent years, this trend reversed in 2015, with four new
policies announced at the national level and five added at the
state/provincial level. Colombia, Ghana, Nepal and Pakistan all
adopted net metering/net billing for plants no larger than 1 MW,
and Brazil expanded its net metering cap from 1 MW to 5 MW.3*
In India, Himachal Pradesh and Rajasthan adopted solar PV
net metering, bringing to 21 the number of Indian states with

announced (although not necessarily operational) net metering
policies. In North America, South Carolina became the 44th
US state' to establish net metering, while Newfoundland and
Labrador became the 4th Canadian province to do so.*® In
addition, the Emirate of Dubai established a rooftop solar PV net
metering programme in 2015.%¢

Revisions to net metering policies have focused increasingly
on technical standards for grid connection, as well as on the
introduction of taxes or fees on self-generators participating in
net metering programmes or generating their own power. As the
amount of distributed renewable electricity operating under net
metering has increased, policy makers in some countries have
come under pressure from private citizens or electric utilities
citing electric rates or revenue concerns. In response, some policy
makers have revised downward the net metering payments and/
or have levied new taxes or fees on renewable generators.

Notable examples introduced in 2015 include Spain's surcharge
on many solar PV systems and on self-consumption of the
electricity generated on the premises.®” Generators pay grid
fees plus separate capacity and generation taxes, with a second
tax established for systems larger than 10 kW.%¢ In the United
States, Nevada revised tariffs on new and existing systems after
reaching its net metering cap, and Hawaii closed its net metering
programme to new applicants and introduced additional tariffs
for connecting systems to the electric grid.*® Other US states
- including Arizona, California, Kansas, Oklahoma and Texas -
were considering proposals for rate adjustments and charges on
residential customers with solar PV systems.*°

In addition to regulatory policies that stimulate increased
renewable electricity generation, renewable obligations or
mandates that require the deployment of renewable power
capacity are in use worldwide. Electric utility quotas or Renewable
Portfolio Standards (RPS) are the most common mandate in use
at the national level to promote renewable power. RPS policies
were in place nationally in 26 countries by year-end 2015. (- See
Reference Table R21.) The overall pace of new adoption at the
national level has slowed significantly in recent years, and no new
additions were made at the national level in 2015.

RPS policies remain popular at the sub-national level. As of
year-end 2015, RPS or quota policies were in place in 74 states/
provinces/territories, including in Belgium (2), Canada (3), India
(27 states and 7 union territories) and the United States (29 states,
the District of Columbia and three territories). State-level policy
makers were by far the most active in revising existing mandates in
2015. Policy changes resulted in a wide array of new and increased
obligations as well as in the removal of some existing mandates.

New RPS policies were added in one state and one territory
in 2015. In the United States, Vermont upgraded its voluntary
standard to mandate that all utilities in the state acquire 55%
of electricity from qualifying renewable technologies by 2017,
and 75% by 20324 The US Virgin Islands codified the existing
voluntary goal of 30% by 2025 as a mandatory RPS. In addition,
Colorado’s RPS survived a court challenge when the Federal
Appeals Court ruled the policy constitutional because it does not
impose unlawful regulations on out-of-state companies.*

i In addition to American Samoa, the District of Columbia, the US Virgin Islands and Puerto Rico.



Three US states took steps to expand their RPS policies. California
increased its RPS from 33% by 2020 to 50% by 2030.#% The state
also set requirements for its three biggest utilities' to secure 600
MW of new solar capacity by 2019 under the community-shared
solar programmei.** Hawaii became the first state to target
a fully renewable power supply by increasing its RPS to 100%
by 2045.4° New York's RPS expired at end-2015, but the state's
Public Service Commission was directed to establish a new,
more ambitious mandate of 50% renewable power by 2030.4
Elsewhere in North America, the Canadian province of New
Brunswick extended its RPS to 40% by 2020, and Nova Scotia
established a mandate of 25% in 2015 and 40% by 2020.%

Despite the new adoptions, US RPS policy roll-backs continued
in 2015, with Kansas downgrading its existing mandate to a
voluntary goal of 20% by 2020. A number of RPS policies in US
states - including Michigan, Montana, North Dakota, Oklahoma,
South Dakota, Texas and Wisconsin - also were expected to
reach their maximum target date at year-end 2015.

The mandated use of renewable energy systems, such as
obligations for their installation in new construction, were
instituted in a few countries in 2015. France enacted a law that
requires all new buildings in commercial zones to be partially
covered by vegetation or solar PV panels.“® The Czech Republic
and Switzerland introduced building permit exemptions for
rooftop solar PV to simplify deployment.*®

Several countries have utilised public finance mechanisms as an
attempt to drive the investment needed to increase renewable
energy deployment. Many introduced renewable energy tax
incentives in 2015. Notably, the United States approved multi-
year extensions, the longest extensions to-date, of its production
and investment tax credits in late 2015.%° El Salvador, India,
Jordan, Mongolia and Pakistan all added new policies or
extended existing policies. By contrast, Japan announced plans
to remove tax breaks for commercial solar installations, set to
be implemented in early 2016 as a component of the upcoming
electricity market liberalisation strategy.®

Additional public sector support, such as grants and loans, has
been directed towards increasing the deployment of renewable
technologies as well as research and development (R&D),
including support for enabling technologies, such as energy
storage. Globally, 20 countries around the world pledged to
double public funding for R&D in clean energy technologies with
the launch of the Mission Innovation initiative in 2015.%2 At the
national level, Australia committed over USD 80 million to support
energy storage projects, ranging from technology development
to large-scale deployment, and the Czech Republic established
a new USD 11 billion (CZK 27 billion) 10-year energy efficiency
incentive programme that includes support for residential solar
PV installations.®® However, some countries reduced funding for
renewables during 2015; Denmark, for example, lowered funding
for the Energy Technology Development and Demonstration
Program - which provides incentives to spur research in new
green energy technologies - from USD 55 million to USD 18
million (DKK 385 million to DKK 127 million).5*
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HEATING AND COOLING

In 2015, the adoption of policies promoting the development and
deployment of renewable energy technologies in the heating and
cooling sector continued to lag behind policy adoption in the
power and transport sectors. However, some leading jurisdictions
have begun to recognise the important role that renewables can
play in transforming the heating and cooling energy mix and
have established regulatory and financial mechanisms to support
technologies such as solar water heaters or modern biomass
heat.

More policies have been directed towards renewable heating
technologies than towards renewable cooling technologies.
Policies have focused primarily on smaller-scale solar thermal
heating options, with solar water heaters historically receiving the
bulk of policy support. Policies have continued to focus primarily on
residential and commercial buildings, rather than on the industrial
sector. The recent attention granted to utility-scale and industrial
heat in some countries - such as Austria, Denmark, Germany, India,
Mexico and Tunisia - did not result in the significant expansion of
policy support around the world in 2015.%% (- See Figure 40.)

As in the electricity sector, policy makers have aimed to promote
renewable heating and cooling through a mix of policies
including targets, rate-setting and incentives policies, regulatory
mandates and public finance mechanisms. Although examples
exist, comparatively little regulatory attention has been focused
on renewable heating and cooling, with policy makers instead
adopting public finance mechanisms to support the sector.
However, building code mandates are used widely at the
local level to promote renewable heat. (- See City and Local
Governments section.)

At least 45 countries worldwide had renewable heating and
cooling targets in place by year-end 2015, with 31 of these in
Europe. During 2015, France established a target for a 38%
renewable heat share by 2030.%° (> See Reference Table R23.)
A few other countries outlined goals in their INDCs to expand the
deployment and manufacturing of renewable heat technologies

i The obligation applies to Pacific Gas & Electric (which must secure 272 MW of new capacity), Southern California Edison (269 MW) and San Diego Gas &

Electric (59 MW).

ii California's programme defines as "community-shared" a solar electric system that provides power and/or financial benefit to multiple community members.
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in order to decarbonise their heating sectors. For example, Malawi
introduced a goal to manufacture 2,000 solar water heaters (no
date given) and to increase the penetration of solar water heaters
from the 2,000 in place as of 2015 to 20,000 by 2030.5” Bosnia's
INDC submission included the introduction of renewable energy
into existing district heating systems and the construction of new
district heating systems fuelled by renewable technologies.®®
Jordan’s INDC included the goal to provide short-term support
for the deployment of solar water heaters.*®

In general, policy makers have adopted one of two types of
mandates: solar obligations, which have been enacted in 11
countries at the national or state/provincial level, and technology-
neutral renewable heat obligations, which were in place in 10
countries by year-end 2015. Mandates have advanced slowly at
the national level, particularly in comparison to the municipal level
(see City and Local Governments section), and no new mandates
were adopted at the national level in 2015.

Financial incentives and public financing also have been extended
to support the deployment of renewable heat technologies,
although there were few new developments in 2015. Australia
announced a new grant scheme covering 50% of project costs
for renewable heat for industrial processes as one of the focus
areas for investment under the Australia Renewable Energy
Agency.®® The Czech Republic expanded its residential subsidy
scheme to support district heating and heat recovery and relaxed
requirements for solar thermal systems to qualify for incentives.®
France doubled the budget for its renewable heat support
scheme Fonds Chaleur - first established in 2009 - to provide
USD 455 million (EUR 420 million) to support renewable heat
in the industrial, residential and district heating sectors.®? Italy
announced its intention to double the size of qualifying projects
under its renewable heating and cooling incentive scheme from
1 MW to 2 MW.®® Slovakia launched its long-awaited support
scheme to scale up renewable technologies in residential
buildings, including rebates of up to 50% of project costs for
renewable heat systems.®

At the sub-national level, the Renewable Heat NY programme
(introduced in 2014) began offering incentives in the US state of
New York for the use of high-efficiency wood heating systems for
residential and commercial buildings that lack access to natural
gas.% Despite low international oil and gas prices, few incentives
for solar process heat were reduced in 2015; however, Thailand
halted its process heat subsidy for 2015-16.%°

TRANSPORT

In the transport sector, renewable fuels and electric vehicles
(EVs) continue to attract attention from policy makers in the form
of regulatory measures and fiscal incentives. The vast majority
of policies adopted in the renewable transport sector have been
directed at the production and use of biodiesel and ethanol.
This support has shifted increasingly towards the promotion
of second-generation, advanced biofuels in new policy
development, although, globally, the majority of policies adopted
to date focus predominantly on first-generation biofuels. (= See
Figure 41 and Reference Table R24.)

Efforts to promote biofuel technologies have employed similar
provisions as in the power and heating/cooling sectors - including
targets, regulatory measures and tax/financial incentives - to
spur growth within the transport sector. New and existing policies
have focused almost exclusively on road transport rather than on
aviation, rail or shipping. EVs also have received increased support,
although to a much lesser degree. The number of jurisdictions
that have enacted policies to promote a direct linkage between
renewable energy and EVs remains very limited.

A small number of new renewable transport targets were
introduced in 2015, with most of these targets in INDC submissions.
France set a new target of 15% renewables in final transport energy
consumption by 2030; Liberia put forward a target for blending
up to 5% palm oil biodiesel by 2030 for vehicle fuels; Lao PDR
seeks to increase the use of biofuels to meet 10% of its transport
fuel demand by 2025; and Malawi set a goal of increasing the
proportion of vehicles running on ethanol to 20% by 2020.%” In the
aviation sector, Japan aims to utilise some biofuels for air transport
by the time the country hosts the Olympics in 2020.%®

Globally, the transport sector continued to be embroiled in debate
over the economic and environmental impacts of biofuels, with
particularly vocal debates continuing in Europe and the United
States in 2015. Critics contend that the full life-cycle emissions
associated with the fuels negates the positive environmental
impact of displaced fossil fuel consumption, while others challenge
concerns about the impact on food crop prices and land use.®®

Many long-running policy debates were adjudicated in 2015, with
rulings made on obligations for the use of first-generation biofuels
in the EU and the United States. After seven years of speculation
and negotiation, the European Parliament approved revisions to
the EU renewable energy act to establish a limit on the use of
first-generation biofuels to meet the EU’s 10% renewable fuels
mandate. The new provisions limit crop-based biofuels to a 7%
share of the EU’s 2020 10% renewable transport energy target.
They also include indicative support for second-generation
biofuels through a 0.5% voluntary target and by allowing their
contribution to be double-counted towards meeting the overall
EU mandate.” At the national level in the EU, Germany reduced
its required blend volumes for biodiesel from 6.25% to 3.5%
to bring the requirement in line with the targeted emissions
reduction goals.”

In the United States, a similar debate over first-generation
biofuel mandates in the form of the Renewable Fuel Standard
(RFS) - a national mandate for total volume of biofuel blending
- occurred throughout 2015. In December, the US Environmental
Protection Agency released updated biomass-based diesel



volume requirements that were an increase over previous years
but lower than the statutory requirements that originally were set
under the RFS.72

Despite ongoing debates over biofuel production and use, biofuel
support policies continued to be adopted during 2015. The most
commonly used form of regulatory support for the renewable
transport sector continues to be biofuel blend mandates, which
specify a minimum share or volume of renewable fuel to be
blended with traditional transport fuel. At year-end 2015, blend
mandates were in place at the national level in 32 countries
and 27 states/provinces/territories: 45 jurisdictions mandate
specified shares of ethanol and 27 mandate biodiesel blends,
with many countries having mandates for both fuels. (- See
Reference Table R25.)

In 2015, Brazil began allowing voluntary biodiesel blending of
B20 for road transport; for rail transport, agriculture and industrial
uses, the blend ceiling was raised from B7 to B30.”® Brazil also
increased its ethanol mandate from E25 to E27.7* Ecuador
introduced an E5 blend mandate, which is set to be raised to
E10 by 20177° India made a number of changes to its national
biofuels programme, setting supply quotas for Indian states to
comply with the new E10 mandate; a proposed National Policy
on Biofuels would increase blending of ethanol and biodiesel in
India to 20% by 20177 Indonesia raised its blend mandate for
transport, household, commercial and industrial sectors from
10% to 15%; Malaysia increased its biofuel mandate from B7
to B10; and Thailand’'s B7 mandate came into force.”” A biofuel
bill pending adoption in Uganda at year's end would establish a
national 20% biofuel blend mandate if fully adopted.”

The use of additional regulatory measures to promote renewables
in the transport sector expanded in 2015 to incorporate auction-
based mechanisms, market deregulation and additional forms of
mandates. Paraguay mandated that 30% of all new purchases
for public fleets be flex-fuel vehicles.” South Africa introduced a
competitive bidding programme similar to its renewable power
capacity tenders.® In India, state-owned oil marketing companies
issued a tender to buy 2.7 billion litres of ethanol from domestic
sources; additional reforms that deregulate the ethanol market in
India allow farmers to produce their own corn-based ethanol.®'

New financial incentives and public investment schemes were
introduced in 2015 to promote biofuel production and consumption.
India made a number of changes to its national biofuel support
programme: tax reductions were established to encourage the
production of E10, the national ethanol import tariff was reduced
from 7.5% to 5%, the central excise tax (12.36%) on ethanol blended
with gasoline was removed, and the government announced an
investment of USD 1.53 billion through 2018 to support palm oil
production.® At the sub-national level, the US state of California
revised its tax code to make biodiesel a non-taxable fuel.®

Public financing also has been utilised to support R&D in
advanced biofuels. For example, in 2015 the US Department
of Agriculture announced a USD 70 million loan guarantee to
support the development of a cellulosic biofuel facility.®* The
US Department of Energy also provided USD 18 million for the
production of algae biofuel, aimed at reducing the cost of algae-
based fuels.®

In some countries, support for biofuels was reduced. For
example, voters in Lithuania chose to remove excise exemptions
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on biofuel blends that were established in 2001.8¢ In addition,
policies continued to be adopted to protect domestic industries;
Brazil enacted an 11.25% import tariff on ethanol, the EU renewed
anti-dumping duties against US biodiesel producers until 2020,
Malaysia limited imports of Indonesian palm oil, and Indonesia
continued to advance its case against the EU at the World Trade
Organization (WTO).8”

While electric vehicles have received support in a number of
countries, policy makers continue to be slow to adopt measures
that link them to renewables. A number of measures have been
adopted worldwide to promote EVs, such as Jordan's commitment
to install 3,000 solar PV EV charging stations; however, policies
directly linking EVs and renewable energy received little to no
attention in 2015.%8

CITY AND LOCAL GOVERNMENTS

Cities and municipalities are playing a pivotal role in the global
energy transition. Cities rely on a mix of regulatory policies,
mandates and direct purchasing to support the deployment of
renewable energy within their jurisdictions. Local-level support
for renewable technologies often is included in broader initiatives
to increase air quality, reduce carbon emissions or promote job
creation. Support traditionally has been directed towards power
generation technologies, but policies and mandates supporting
renewable heat and renewable transport, as well as linkages
between renewable energy and energy efficiency, have been
gaining momentum at the municipal level.

Local-level policies fill the gaps in (or supplement) policy
frameworks at the national or state/provincial level to drive local
renewable energy growth. In addition to supplementing national
frameworks, municipalities can serve a unique role as proving
grounds for innovative renewable energy policies, often piloting
programmes that later might be adopted by a broader set of
cities or at the national level.

Cities also play a major role in adopting some of the world's most
ambitious renewable goals and are leading the rapidly expanding
100% renewable energy movement.

In 2015, municipal policy makers continued to use their unique
purchasing and regulatory authority to spur deployment across
their jurisdictions, making cities among the most ambitious and
fastest-moving governmental actors in adopting renewable
technologies. The important role of municipal governments in
promoting deployment of renewable energy technologies on
a large scale was highlighted throughout the COP21 process.
Local-level climate-based commitments to scale up renewable
energy solutions became an important component of the Paris
negotiations, and will be critical to meeting the goals agreed to
in the Paris Agreement. This section provides an overview of
actions taken by cities around the world and does not provide a
comprehensive list of municipal policy actions.

Cities have assumed a leading role in the promotion of
renewable energy through direct purchasing of renewable power
equipment. For example, in 2015, Washington, D.C. completed a
deal for one of the largest municipal on-site solar PV projects in
the United States, increasing the city government’s total installed
solar capacity by 70%.%° In Harare, Zimbabwe, the municipal
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government invested USD 15 million for the purchase and
construction of solar streetlights.®

Regulatory measures such as feed-in tariffs and net metering
policies also continue to be important tools for promoting the
deployment of renewable power capacity at the municipal
level. Originally adopted in developed countries in Europe and
North America, these mechanisms have begun to spread to the
local level in developing and emerging nations, including South
Africa. In 2015, Cape Town, South Africa began allowing the sale
of surplus energy from renewable energy installations into the
municipal grid system through a new net metering programme.”’
Elsewhere, Banff became Canada’s first municipality to offer a
local FIT programme, although on a very limited scale, supporting
only 26 rooftop solar PV systems.®?

Through their direct regulatory authorities, cities have instituted
obligations to drive the deployment of renewable energy
technologies. Several municipalities have enacted mandates
that range from utility obligations to purchase renewable power
to municipal building codes that mandate the installation of
renewable technologies such as solar water heaters. New
obligations build on existing municipal mandates in Europe,
India and the UAE. In 2015, Denman Prospect in the Australian
Capital Territory became Australia's first suburb to mandate the
installation of solar PV systems (of at least 3 kW each) on all
new buildings within the territory.®® Austin, Texas (United States)
mandated its utility to contract an additional 600 MW of solar PV
by 2019.%

Municipalities have a critical role to play in promoting the
development of district heating and cooling networks and linking
them to renewable energy. In 2015, Amsterdam committed to
total decarbonisation of its district heating system and set an
immediate goal of increasing connections to a total of 230,000
houses by 2040 (a 70% increase).®® The Austrian city of Graz
committed to increasing the share of solar thermal in its district
heating network by 20% through the installation of up to
500 MW, of new solar collectors.®® Minster, Germany - the first
German city to divest from fossil fuels - invested in hot water
storage tanks in 2015 to utilise surplus grid electricity to generate
heat for injection into the city's district heat network as part of a
plan to increase renewable energy penetration.®’

In the transport sector, several Chinese cities influenced national
policy in 2015 by working together to reverse a national corn-
based ethanol ban that has been in place since 2006, resulting
in the approval of new maize-based ethanol production plants.®
National governments often have introduced biofuel blend
mandates as pilot initiatives in relatively small jurisdictions.
Kenya adopted an E10 mandate in the city of Kisumu; Mexico
established an E2 mandate in the city of Guadalajara, and aims
to expand the programme to Mexico City and Monterrey; and
Vietnam's national E5 mandate was initially rolled out in a select
group of seven cities.*®

A quickly growing list of cities - primarily in Europe, North
America, Australia and Japan - are targetting the complete
transformation of their energy or power sectors through on-site
generation or the purchase of renewable power. In 2015, Byron

Shire, Coffs Harbour and Uralla in Australia; Oxford County and
Vancouver in Canada; and the US cities of Rochester (Minnesota)
and San Diego (California) joined numerous cities around the
world that have committed to going 100% renewable'.® (- See
Reference Table R26.) Many cities already have achieved their
goals, including the US cities of Burlington (Vermont), Aspen
(Colorado) and Greensburg (Kansas), which all reached 100%
renewable electricity during 2015.1"

Major global and regional initiatives helped to advance the 100%
renewable energy movement in 2015. The Climate Summit for
Local Leaders, held in parallel with COP21, issued a declaration
in support of a transition to 100% renewable energy by 2050;
it was signed by nearly 1,000 mayors from around the world."
This non-binding commitment builds on examples of leading
cities such as Copenhagen, Frankfurt, San Francisco, Sydney
and Stockholm.!%

Also in 2015, the Global 100% RE Campaign published 12 criteria
to help define the concept of 100% renewable energy for local
governments and to guide policy makers in initiating their
transition to 100% renewables. The Campaign also launched the
100% RE Cities and Regions network to enable peer-learning
and exchange among municipalities.* The Global 100% RE
Campaign, along with Europe’s 100% RES Communities and
RES Champions League, has brought additional attention to
municipal efforts aimed at achieving 100% renewable energy.*®

European cities have led in the advancement of local renewable
energy solutions through individual action as well as regional-
level partnerships. The Covenant of Mayors began as a group
of European municipalities committed to meeting and exceeding
a 20% reduction in CO2 emissions by 2020, relative to a
recommended baseline year of 1990, through increased energy
efficiency and renewable energy deployment; new signatories as
of 2015 pledge a 40% reduction by 2030 (based on their own
Baseline Emission Inventory). Nearly 500 municipalities joined
during 2015, and the Covenant had 6,660 signatories by year's
end.”®® The majority of the signatories also signed onto a new
Covenant of Mayors for Climate and Energy, which calls for an
increase in energy efficiency and renewable energy of at least
27% by 2030 over the established baseline.'” In December 2015,
both Covenant initiatives pledged to work together to advance
municipal efforts to scale up their low-carbon development
efforts.©® Additionally, 2015 saw the Covenant of Mayors
expanded to include cities in sub-Saharan Africa,’®

The Compact of Mayors is a global initiative of voluntary city
pledges to reduce local greenhouse gas emissions and enhance
resilience to climate change. By end-2015, the Compact had
received commitments from 428 cities with a combined
population of 376 million residents (or over 5% of the world's
population); this makes it the largest such coalition of city
leaders by population."™ Rio de Janeiro became the first city to
fully align with the principles outlined in the Compact of Mayors,
in August 2015, and was soon joined by Buenos Aires, Cape
Town, Copenhagen, Melbourne, New York, Oslo, San Francisco,
Stockholm, Sydney and Washington, D.C.™ By year's end, 43
cities were in compliance with the Compact'""2

i 100% renewable energy targets vary by municipality, with some focused exclusively on electricity and others targeting all energy, including heating and

cooling as well as transport.

i Cities are deemed compliant according to the Compact when they register a commitment, take inventory, create reduction targets and establish a system

of measurement, and establish an action plan.
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Table 4. Renewable Energy Support Policies

FISCAL INCENTIVES
COUNTRY REGULATORY POLICIES AND PUBLIC FINANCING

premium payment
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Electric utility quota

obligation / RPS
Energy production

Reductions in sales,
energy, VAT or
payment

Public investment,
loans, or grants

Renewable energy
other taxes

targets
Heat obligation/

Net metering /
mandate
Capital subsidy,
grant, or rebate

net billing
production tax

Feed-in tariff /
Transport
Tradable REC
Tendering’
Investment or
credits

oblig
mandate

HIGH INCOME COUNTRIES

Andorra
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Cyprus
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ltaly
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i Tendering column includes all countries that have held tenders. Tenders held in 2015 are denoted with a star. 19
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Table 4. Renewable Energy Support Policies (continued)

FISCAL INCENTIVES
AL AR 3 AND PUBLIC FINANCING
3 £ 5 8 § £
5 | g B2 ~ g F2 .x %5 & B2
o |z 2T 2 = ] 28 6& £° 3 £§
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=2 |2 2% g 388 °% 2 o | 85 $3L2S5. B2 o4
50| 35 82 53 555 55 3 B | BF $8§ gsf 8% 3
28| £5 @S 22 f8E £E £ & |85 E55 £58 58 &8
Albania (@) (@) (@) O (@) (@) O @) @) (@)
Algeria R O @) @) * @)
Angola O @)
Azerbaijan O O
Belarus @] @] @] @] @]
Belize R @)
Bosnia and Herzegovina R (@) (@) @)
Botswana @] @]
Brazil R R R ) * @] @]
Bulgaria O O O @)
China R R O (@) (@) * (@) O O O (@)
Colombia O * O @] @] O
Costa Rica R R (@] @] O @]
Dominican Republic O O O O O ©) O @)
Ecuador O R R @) O O
Fiji (@) O @)
Grenada R (@] O
Iran @] @] @] @] O
Jamaica @] @] (@] O @] O
Jordan R @] @] (@] @] * R O
Kazakhstan O O O O
Lebanon R @] O O
Libya (@) (@)
Macedonia, Republic of @) @)
Malaysia O R O R O (@)
Maldives @] @] O
Marshall Islands O O
Mauritius O @) O @] O
Mexico R O * O O
Mongolia R (0] (@) *
Montenegro O @)
Namibia R O
Palau O O
Panama O O O O @) O O O
Paraguay * O @]
Peru @] @] @] * (@] * @] O
Romania O O O (@) O
Serbia O O O
South Africa @] @] R (@] * @] O @]
St. Lucia @] @] @]
St. Vincent and the Grenadines' O O
Thailand R R R O O O
Tunisia R @] O @] @]
Turkey R @) @) * @) @)

! Certain Caribbean countries have adopted hybrid net metering and feed-in policies whereby residential consumers can offset power while commercial consumers are obligated to feed 100% of the
power generated into the grid. These policies are defined as net metering for the purposes of the GSR.

2 Spain removed FIT support for new projects in 2012, Incentives for projects that previously had qualified for FIT support continue to be revised.

® State-level targets in the United States include RPS policies.

* The area of the State of Palestine is included in the World Bank country classification as "West Bank and Gaza." They have been placed in the table using the 2009 “Occupied Palestinian Territory” GNI
per capita provided by the United Nations (USD 1,483).

Source: See endnote 1for this section.

Note: Countries are organised according to annual gross national income (GNI) per capita levels as follows: "high” is USD 12,736 or more, “upper-middle” is USD 4,126 to USD 12,735, “lower-middle” is

USD 1,046 to USD 4,125 and "low" is USD 1,045 or less. Per capita income levels and group classifications from World Bank, “Country and Lending Groups,” http://data.worldbank.org/about/country-and-

lending-groups, viewed January 2016. Only enacted policies are included in the table; however, for some policies shown, implementing regulations may not yet be developed or effective, leading to lack of

implementation or impacts. Policies known to be discontinued have been omitted or marked as removed or expired. Many feed-in policies are limited in scope of technology.

120 i Tendering column includes all countries that have held tenders. Tenders held in 2015 are denoted with a star.
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Table 4. Renewable Energy Support Policies (continued)

FISCAL INCENTIVES
COUNTRY REGULATORY POLICIES AND PUBLIC FINANCING

premium payment
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Electric utility quota

obligation / RPS
Energy production

Reductions in sales,
energy, VAT or
payment

Public investment,
loans, or grants

Renewable energy
other taxes

targets
Heat obligation/

Net metering /
mandate
Capital subsidy,
grant, or rebate

net billing
production tax

Feed-in tariff /
Transport
Tradable REC
Tendering’
Investment or
credits

oblig
mandate
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Haiti

Liberia
Madagascar
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Consumer-owned renewable district heating - the Danish cooperative model

In Denmark, a large majority of district heating projects are owned by non-profit consumer
co-operatives. In Ringkebing-Skern, 5,000 consumers own and hold decision-making authority over
the community's solar district heating system, contributing to the community's vision of becoming
100% self-sufficient through renewable energy by 2020.

Ringkebing-Skern, Denmark | Created: 2010 | Members: 5,000 | 15,000 m? solar thermal water collectors for district heating
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06 ENERGY EFFICIENCY

GLOBAL OVERVIEW

Energy efficiency' represents the opportunity to deliver more
services for the same energy input, or the same amount of services
for less energy input.! Conceptually, this is the reduction of losses
at each stage of energy conversion, transport, transmission and
use, from primary fuel extraction through final energy use, as well
as other active or passive measures to reduce energy demand
without diminishing the energy services delivered. Energy losses
occur during extraction, generation, transmission, distribution
and end-use in lighting, appliances, buildings, mechanical
work, transport and industry contexts. Consequently, the areas
for energy efficiency improvement and investment can occur
anywhere along the chain of energy production and use, from
primary energy to final energy required to perform the service.

The year 2015 saw an increased emphasis on energy efficiency
activities at the international, regional, national and sub-national
levels. This was due to the recognition of energy efficiency's key role
in reducing energy-related emissions and in providing multiple
economy-wide benefits - such as enhanced energy security,
reduced fuel poverty and improved public health. By end-2015,
at least 146 countries had enacted some kind of energy efficiency
policy, while at least 128 countries had enacted one or more
energy efficiency targets.? (= See Figure 42,)

Figure 42. Countries with Energy Efficiency Policies and Targets, 2015

I With policies and targets

= With policies, no targets
(or no data)

With targets, no policies
(or no data)

No policies/targets
or no data
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Source: See
endnote 2
for this chapter.

i Renewable energy and energy efficiency are twin pillars of a sustainable energy future. Synergies exist between the two across numerous sectors. This
means that the interaction of renewables and energy efficiency can result in an outcome greater than the sum of the parts. In recognition of the important
linkages between renewable energy and energy efficiency, this topic was introduced as an annual chapter in GSR 2015. (See Feature in GSR 2012 for more

on renewable energy-energy efficiency synergies.)
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Source: See
endnote 11
for this section.

EFFICIENCY

The international community continued to pursue energy
efficiency action by engaging in various collaborative activities
such as the Sustainable Energy for All (SE4All) Global Energy
Efficiency Accelerator Platform, the G20's Energy Efficiency
Action Plan, the Clean Energy Ministerial's energy efficiency
initiatives and the European Union's Energy Union Framework
Strategy.® International organisations initiated several additional
energy efficiency activities during the year.*

Out of the 189 countries that outlined voluntary plans to
decelerate greenhouse gas emissions in their Intended
Nationally Determined Contributions (INDCs) for COP21, 147
countries mentioned renewable energy, and 167 countries
mentioned energy efficiency; in addition, some countries
committed to fossil fuel subsidy reform.5 Over 50 countries
had committed to phasing out fossil fuel subsidies under G20
and Asia-Pacific Economic Cooperation (APEC) processes
by the end of 2015.° Reducing or eliminating such subsidies
brings prices closer to their true economic costs, removing
artificial impediments to energy efficiency improvements and
renewable energy deployment.

Cities, which accommodate over half of the world's population,
also continued to play an increasingly prominent and active
role in accelerating energy efficiency. In 2015, cities received
international support from a number of initiatives and
organisations, such as ICLEI, C40 and the Covenant of Mayors.’
Commercial and financial actors also mobilised to increase global
investment in energy efficiency during the year.®

Due to a lack of better indicators, reduction in energy intensity of
national economies typically is used as a proxy for improvements
in energy efficiency at the national or global level.® Energy intensity
is calculated as units of energy consumed per unit of economic

output, or gross domestic product (GDP). Changes in energy
intensity can reflect changes in energy efficiency of an economy,
but they also reflect the impact of other factors, such as structural
changes in the economy to less energy-intensive activities and
the effect of fuel substitution, particularly to renewable energy.

At the global level, primary energy intensity has decreased
continuously for more than two decades. Between 1990 and
2014, primary energy intensity dropped by more than 30%; the
average annual rate of decline was 1.5%. Nonetheless, global
economic growth has been far greater, resulting in steady net
growth in energy demand, increasing by 56% between 1990 and
2014, with an average annual growth rate of 1.9%. Global total
primary energy demand (TPED) exceeded 13.7 billion tonnes of
oil equivalent in 2014." (- See Figure 43.)

Figure 43. Global Primary Energy Intensity and Total Primary Energy Demand, 1990-2014
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MARKET AND INDUSTRY TRENDS
BUILDINGS AND APPLIANCES

Buildings accounted for 33% of global total final energy
consumption (TFEC) in 2013 (the most recent data available),
with the largest portion of the building sector's TFEC (30%)
coming from electricity, followed by traditional biomass (25%)
for heating and cooking, and natural gas (21%).”? In 2013, global
TFEC of buildings had increased by 34% in relation to 1990.®
Most of the TFEC used in buildings is for space heating, water
heating and cooking. Residential buildings account for almost
three-quarters of global building energy use, and non-residential
(service sector) buildings account for the remaining share.

Total energy demand in buildings is determined by a variety of
factors, including structural design (building envelope); heating,
ventilation and air conditioning (HVAC); and electricity load
for lighting and appliances. Various options are available for
retrofitting existing buildings to improve their energy efficiency
and reduce energy demand, thereby lowering operational costs
and helping to attract new occupants.® Around the world,
existing buildings are being retrofitted with improved insulation
and windows, more-efficient lighting, and HVAC systems and
controls, among others,

Improving the energy efficiency of EU buildings (35% of which
are over 50 years old) could reduce the region's total energy
consumption by an estimated 5-6%."” In OECD countries, the
efficiency of energy use in the residential sub-sector improved by
15% between 2002 and 2012.8

Increasingly, energy efficiency principles - such as better building
design and orientation to take advantage of natural lighting, heat
gain or shading, and prevailing breezes - are being integrated
along with more-efficient systems and building materials in new
buildings. In the EU, for example, new buildings in 2015 consumed
about half as much energy as new buildings did in the 1980s."

The market for energy-efficient building technologies as of 2014
was USD 307 billion, representing a wide range of technologies
and services, with USD 68 billion coming from energy efficiency
retrofits.?® The largest energy-efficient building market segment
is building envelope technologies, including building materials,
while mechanical and electrical systems (i.e., HVAC, lighting and
controls) also represent major segments.?' The largest market for
energy-efficient buildings is Western Europe, where it is driven
by high energy prices and stringent building energy codes.
North America and the Asia-Pacific region are major markets as
well, and energy efficiency is increasingly important for building
projects.??

Markets for more-efficient building materials are growing
worldwide, both for retrofits and for new construction. For
example, China's insulation market has experienced rapid growth
since 2000, with average annual growth rates exceeding 15%
between 2006 and 2010; during the same period, the market share
for low-emissivity glass increased from 1.3% to 7%.?° Integrating
energy-efficient technologies and equipment in buildings can
further reduce the sector's energy use. For example, in the United
States, the combined use of the most-efficient wall, window and
HVAC equipment available on the market in 2015 could reduce the
primary energy demand for residential and commercial cooling
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by 61% and 78%, respectively; decrease the primary energy
demand for heating commercial buildings by 77%; and virtually
eliminate external sources of heating for residential buildings
with the contribution of waste heat from appliances and human
occupants.*

Among environment-friendly technologies used in buildings,
heat pumps offer the opportunity for efficient use of energy for
space heating, cooling, and hot water supply, as well as utilisation
of distributed renewable electricity (e.g, solar PV) for their
operation.? The installed capacity of ground-source (geothermal)
heat pumps worldwide increased from an estimated 1.9 GWy;, in
1995 to 15 GW4, in 2005 and to 50 GWi, in 2015 (18% average
annual growth between 1995 and 2015). The United States, China,
Sweden, Germany and France were the five leading countries in
installed capacity.?® The European heat pump market is growing
at about 3% annually, averaged across all energy sources (air,
water, ground and waste heat). However, the ground-source
component of the European heat pump market has begun to
contract, with sales dropping almost 13% in 2015.%”

The number of net zero energy buildings (NZEBs) also continued
to rise in 2015, although on a limited scale, exemplifying the
synergies between energy efficiency and renewable energy.
The global NZEB market reached USD 629 million in 2014, and
it continued to grow rapidly throughout 2015, particularly in
developed regions.?® In the United States, the number of NZE
projects nearly doubled between end-2014 (213 projects) and
early 2016, when there were at least 425 projects in at least 42
states.®

"Passive house” standards can serve as good guidelines for
NZEBs and nearly zero energy buildings (nZEBs) by greatly
reducing energy demand for heating and cooling.®® In 2015,
the two leading regions on passive buildings - Europe (12,000
projects) and North America (230 projects) - updated their
standards to require more on-site renewable energy generation.”
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Source: See
endnote 32 for
this chapter.

Figure 44. Average Electricity Consumption per Electrified Household, Selected Regions and World,

2000, 2005, 2010 and 2014

kWh/household
14,000 -1.2% mm 2000
mmm 2005
12,000 2010
) 2014
10.000 +1.9%
' Compound
Average
8,000 Annual Change,
201OI-2014 ~1.5%
6,000 -2.5%
+0.1%
4,000 +1.0% 5 9
+1.7% +3.3% +1.1%
2,000 II
0 | [T |
North Latin Middle
World Europe CIS America America Asia Pacific Africa East

Electricity accounts for nearly one-third of global TFEC in the
buildings sector. Electricity consumption per household is used
as an indicator to suggest trends in the efficiency of electricity use
at the global and regional levels; however, this does not isolate
the effect of improved efficiency from the effect of changes in
demand for electricity services.

Globally, electricity consumption per household did not change
significantly between 2000 and 2014 - improvements averaged
0.5% annually over this period.®* (- See Figure 44.) However,
trends varied by region. In North America, Europe and the
Pacific, electricity consumption per household rose between
2000 and 2010, followed by a decline by 2014, associated in
part with improved energy efficiency.*® In the Commonwealth
of Independent States (CIS) and Latin America, electricity

consumption per household remained relatively unchanged over
the period. In contrast, Africa and Asia saw a gradual increase
in electricity consumption per household, and the Middle East
experienced almost 50% growth.**

"Electricity intensity” is often used as an indicator of energy
efficiency in the service sector'. The trends in the service sectors of
Europe, the CIS, North America, Asia and the Pacific have shown
declining electricity intensity since 2010 (and earlier in some
regions). The Middle East stands apart, demonstrating a notable
increase in electricity intensity in the service sector between
2000 and 2010, although it has levelled off in subsequent years.
Africa's electricity intensity in the service sector declined steadily,
over the 14-year period. However, as with energy intensity in
general, trends in this sector are likely to be the product of a
complex set of factors, such as structural changes in economies
and relative energy access, in addition to the availability and use
of more-efficient technology.®® (- See Figure 45.,)

Appliances and equipment (e.g., computers, fans, motors, etc.)
saw a steady increase in final energy demand from 1990 to 2014
and are becoming large energy end-users.*® The increase is
due largely to a rapid increase in the total number of electricity-
using products per household, especially televisions and other
information and communication technologies.*”

On average in OECD countries, clothes dryers, refrigerators and
freezers consumed about two-thirds as much energy in 2014
as in 1990. In North America, the efficiency of air conditioners,
refrigerators and freezers improved rapidly between 1980 and
2010 and has stagnated in subsequent years.*® In the United

i The electricity intensity of the service sector is defined as the ratio of the electricity consumption of the sector over its value added, measured in constant

purchasing power parities.



States, new dishwashers use 40% less energy, and washing
machines use 70% less energy, than they did in the 1990s. New
refrigerators use only one-quarter of the energy that they used
in the 1970s, offering 20% more capacity and a 50% reduction
in purchase price.*® In the OECD countries as a group, demand
growth for such appliances has slowed significantly over the
past decade, while the energy efficiency of these appliances
increased.*°

However, energy efficiency improvements have not yet been able
to cancel out the effect of growing demand for certain appliance
categories, such as televisions and network devices. The average
energy intensity of televisions' more than doubled between
2000 and 2012 in Australia, Canada, Denmark, France and the
Netherlands.* This growth reflects a rapid increase in screen
size, which has been mitigated to some extent in recent years by
more-efficient screen technologies.*

In the lighting market, the share of incandescent bulbs continues
to decrease, driven largely by phase-out regulations. In several
OECD countries, where such regulations are in place, the market
share of incandescent bulbs has dropped to a range of 10-20%.%®
Across all developed countries, light-emitting diodes (LEDs)
command 3-15% of the market.** Even so, the market share of
efficient lighting solutions at the global level is still very limited,
but it is growing rapidly as prices drop.*

Among developing countries, China and India lead in LED
manufacturing and usage. While China is already well-established
as the world's largest manufacturer, in India, governmental
support, accelerated private sector engagement and declining
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prices are driving demand.“® In response to the government’s LED
lamp distribution programme, the number of LEDs produced in
India soared from 12 million in 2014 to about 360 million in 2015.#

Alongside advances in lighting technology, increased use of
“smart” and cloud-based lighting controls is improving the
technical efficiency of lighting systems. Such controls provide the
opportunity for aggregating data from multiple lighting systems
and enabling remote monitoring and control over their usage,
resulting in energy savings.*®

Figure 45. Electricity Intensity of Service Sector (to Value Added), Selected Regions and World,

2000, 2005, 2010 and 2014
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i Total energy consumption divided by overall stock.
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Source: See
endnote 49 for

this chapter.

TRANSPORT

Energy intensity of the global transport sector, defined as the
ratio of energy consumption of transport to GDP, declined by an
average of 1.8% per year between 2000 and 2014, reflected mostly
in road transport* (- See Figure 46,) While transport energy
intensity declined over this period in most regions, it remained
virtually unchanged in Latin America and the Middle East.

Fuel economy of road transport improved at an average annual
rate of 2% between 2008 and 2013. Improvement rates were
higher on average in OECD countries (2.6%) than in non-OECD
countries (0.2%) due to national policies and programmes -
particularly fuel economy standards - in the former.*® By 2013,
eight countries (Japan, the United States, Canada, China, the
Republic of Korea, Mexico, Brazil and India) and the EU had
proposed or established fuel economy standards for passenger
and light-commercial vehicles as well as light trucks.*

Although their contribution remains quite small, one of the
factors driving improvements in fuel economy on a final energy
basis is rising sales of electric vehicles (EVs) and plug-in hybrid
(electric and natural gas) vehicles'.®? By one estimate, global sales
of plug-in EVs were up more than 70% in 2015, and by year's
end, more than 1 million plug-in EVs were estimated to be on the
world's roads, with the largest number operating in the United
States.®® Despite federal and state subsidies, sales of plug-in EVs
in the United States fell by more than 5% in 2015 due to the drop
in gasoline prices.** By contrast, EV sales rose in some countries,
including China and Norway, due to aggressive incentives, and
EV registration in Europe more than doubled in 2015, while new
hybrid vehicle registration increased by 23%.%°

Because, the share of EVs is less than 0.1% of the global vehicle
market, continuing advances in internal combustion efficiency
constitute a critical component of energy efficiency improvements
in road transport.*®

Efficiency of transport also is increasing through the promotion
of more-sustainable mobility practices, such as bus rapid transit
(BRT). BRT systems continue to spread, and by early 2016 were
located in at least 200 cities on all continents, transporting more
than 33 million passengers per day - up from 150 cities and 28
million passengers in 2013.%"

Fuel efficiency is improving for other types of transport, such as
aviation and shipping, both of which still have large potential for
energy savings. Aviation accounts for about 13% of fossil fuel
use in global transport.’® Between 1990 and 2000, the average
fuel efficiency of new aircraft of similar size improved by about
10%, while aviation activity for both passenger travel and freight
transport grew by a factor of 2.5, but it levelled off thereafter.*
Fuel efficiency can be increased further through improved
infrastructure; operational measures, such as reducing the
weight of on-board equipment; and improved aircraft design and
materials.®®

The shipping industry consumes about 250-325 million tonnes
of fuel per year (4% of the total share of transport use).® The
efficiency of individual ships varies greatly based on design,
fuel and power sources, and operations. The efficiency of
ships built during the 1970s was consistently poor, followed by
improvements across all ship types and size categories in the
1980s (by 22-28%) due to a combination of rapidly increasing
fuel prices and constant or declining freight rates.®> Between

Figure 46. Energy Intensity in Transport, Selected Regions and World, 2000, 2005, 2010 and 2014
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i Except in the context of renewable power, EVs are not necessarily more energy-efficient than internal combustion engine vehicles on a primary
energy basis (and emissions may be higher), depending on the energy source. As the shares of non-thermal renewables increase in the power mix,
the contribution of these vehicles to overall (primary) energy efficiency will only increase.
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1990 and 2008, design-related efficiency of new ships declined ~ INDUSTRY AND POWER
by about 10% because cargo capacity or capital costs were
given higher priority than fuel efficiency, but thereafter it began
to improve again.®®

Industry accounted for approximately 29% of global TFEC in 2013,
including electricity demand, and for almost 40% of TFEC when
certain metals smelting and non-energy uses are included.®*

Between 2000 and 2014, global energy intensity in industry'
decreased by an average of 1.2% annually and declined across
all regions except the Middle East.®® (- See Figure 47) Energy
intensity of industry declined by an average of almost 4% annually
in the CIS, while in Latin America and Africa the rate of decline
averaged below 1% a year.®® However, because this indicator is
influenced largely by structural changes in the economy, it is
unclear what portion of these reductions reflects improvements
in energy efficiency. For instance, in OECD countries, reductions
in industrial energy intensity were driven by a combination
of changes in economic activities (e.g., caused by economic
recession, energy efficiency improvements, and structural effects
(e.g., displacement of energy-intensive manufacturing), with the
latter taking a prevailing role.®”

In the power sector, energy efficiency is affected mostly by
energy losses in generation at thermal power plants and through
transmission and distribution losses. Fossil fuel power plants
convert only about one-third of their primary energy inputs into
electricity, while conversion losses for non-thermal renewables
are either relatively low or otherwise insignificant. Therefore,
achieving greater shares of non-thermal renewable power
increases primary energy efficiency by reducing conversion
losses.

Figure 47. Energy Intensity in Industry, Selected Regions and World, 2000, 2005, 2010 and 2014
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i The energy intensity of industry is defined as the ratio of the final energy consumption of industry over the value added, measured in constant purchasing
power parities.
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The average primary energy efficiency of electricity generation!
increased between 2000 and 2014 across all regions but Latin
America, where it declined by 0.5%.°® The efficiency of power
generation ranges from about 30-35% in the CIS (a region
heavily reliant on coal) and the Middle East (heavily reliant on
oil), to almost 60% in Latin America, where a significant share
of electricity is generated by hydropower. Efficiency of thermal
power plants, which account for most of the world's generating
capacity, increased between 2000 and 2014 in all regions, with
average improvements of around 9% in the Americas, 6% in
Asia and under 5% in other regions.®® Efficiency of coal-fired
power plants, specifically, increased during this period in most
regions, with the greatest improvements seen in Asia (12%) and
the CIS (8%). Among different types of thermal power plants
mentioned above, gas-fired plants experienced the highest levels
of improvement between 2000 and 2014, with the increase in
average efficiency exceeding 20% in North America and Africa.”

About 8% of the world's electricity generating capacity is in
combined heat and power (CHP) facilities, with a total global
installed electric capacity of 325 GW. CHP captures waste heat
and utilises it to meet thermal energy demand. CHP systems,
which capture and re-use waste heat from power generation, are
generally 75-90% efficient in their overall use.”

The rate of transmission and distribution (T&D) losses, incurred
through resistance and voltage conversion losses on the grid,
varies across regions, ranging between 5% and 15% in 2014, with
lower losses occurring generally in more-efficient power grids in
developed regions.” Efficient and superconducting transformers
and high-temperature superconducting cables, including direct
current and ultra-high-voltage transmission, are considered
promising solutions for increasing electrical energy efficiency
and reducing T&D losses.’® Other solutions may involve
advanced demand monitoring and management to reduce
losses; automation to measure and control the flow of power and
improve system reliability; and movement towards smart grids' to
manage loads, congestion and supply shortages.” The increased
use of distributed energy also reduces T&D losses by producing
electricity closer to where it is utilised.

Smart grids offer a potential to improve energy efficiency and
reliability, better integrate high shares of renewable energy
and improve the responsiveness of both supply and demand
to conditions in real time.”® The global market for smart grid
technologies - such as transmission upgrades, substation
automation, distribution automation, smart metering, etc. - is
growing rapidly; between 2010 and 2015, the market more than
tripled (from USD 26 billion to USD 88 billion), while respective
annual investments more than doubled (from USD 81 billion to
USD 187 billion).”

INVESTMENT

Investment in energy efficiency can be defined as the monetary
value of public expenditure, private funds, public-private ventures
and commercial commitments to technologies and assets that lead
directly and indirectly to energy savings relative to business-as-
usual scenarios (energy productivity improvements not undertaken).
It is estimated that investments in energy-efficient assets and
technologies yield two- to four-fold returns in lifetime cost savings.””
In 2013, global investments in energy efficiency totalled an estimated
USD 130 billion. This figure covers the end-user categories of
buildings, transport and industry (but not fuel switching). It also
includes associated costs, e.g, taxes, shipping and labour.”®

Green bonds have emerged as one of the most substantial
sources of capital for energy efficiency projects, especially in the
transport sector. Energy efficiency improvements in industry and
buildings (including efficient lighting and appliances) also source
financing through debt. As of September 2015, an estimated 27%
of all labelled green bond issuances was for energy efficiency
projects (including low-carbon buildings).”®

Historically, development banks dominated the green bond
market in all categories, including those issued for energy
efficiency; however, green bonds are being issued increasingly
by corporations, municipalities and commercial banks, with
additional activity from niche sources, such as universities.®
Bonds issued for energy efficiency categories increased
considerably during 2013 through 2015. Specifically, debt issues
covering certain categories of transport reached USD 418.8 billion
in 2015 (16.8% average annual increase from 2013). Efficient
buildings- and industry-related bonds, including appliances,
surged to USD 19.6 billion in 2015 (nearly 58% average annual
increase from 2013). In total, energy efficiency-related bonds
reached USD 438.4 billion in 2015 (as of early December 2015;
17.8% average annual increase from 2013).%'

Development finance institutions (DFls), or multilateral
development banks, have played a critical role in energy
efficiency investments by providing loans, credit lines, partial
risk guarantees and other products to both public recipients and
private parties. Between 2012 and 2014, investments in energy
efficiency leveraged through multilateral development banks
climbed by almost 45%, from USD 3.5 billion to USD 5 billion.®?
Among the initiatives undertaken by DFls in 2015 was the launch
of the Partial Risk Sharing Facility for Energy Efficiency project
by the Global Environment Facility, the World Bank and the
Government of India. This USD 43 million initiative is designed
to help energy service companies mobilise investment by banks
in India for energy efficiency opportunities by protecting against
potential loss, which can inhibit upfront investment.®?

The German development bank KfW continues to be a leader
in energy efficiency investment; in 2015, it invested more than
USD 4.1 million in its Energy Efficiency programme, up from
approximately USD 3.4 million the previous year. Between
2006 and 2014, KfW invested more than USD 202.7 billion in
its Energy-Efficient Construction and Refurbishment Funding
programmes. 8

i The efficiency of power generation is the net electricity production divided by energy inputs.

i According to the European Technology Platform, a smart grid is an electricity network that can intelligently integrate the actions of all users connected to
it in order to efficiently deliver sustainable, economic and secure electricity supplies.



The Green Climate Fund included in its initial set of investments
(in November 2015) an allocation of USD 217 million for an energy
efficiency green bond in Latin America and the Caribbean with
the Inter-American Development Bank.t® Meanwhile, Goldman
Sachs announced in late 2015 that it would expand its clean
energy investment target - which includes energy efficiency
opportunities - to USD 150 billion by 2025.8¢

Some innovative investment mechanisms have emerged that
enhance financial activity in energy efficiency. For example,
yieldcos, an investment instrument used for certain renewable
energy assets, were employed for energy efficiency projects in
the United States and Europe from the second half of 2013 to
mid-2015; however, their role in the growth of renewable power
mergers and acquisitions activity tapered off in the second
half of 2015 due to a significant decline in the value of several
publicly traded yieldcos.®” In addition, Property-Assessed Clean
Energy (PACE) financing, a form of on-bill financing that was first
developed in the early 2000s, continues to expand in the United
States in both commercial and residential markets.®® PACE
financing was designed to address one of the most significant
barriers to energy efficiency and renewable energy retrofits:
upfront costs.

In September 2015, 70 financial institutions from more than
20 countries - including national, regional and global banks
- committed to increase financing for energy efficiency
investments.® In November 2015, 20 countries (including
France, Germany, Japan, the Republic of Korea and the United
States) formed the Mission Innovation initiative to double R&D
investment in low-carbon technologies, including end-use
energy efficiency.®® In parallel to the Mission Innovation, the
Breakthrough Energy Coalition was launched by 28 private
capital investors to invest in clean technologies, including energy
efficiency.”

REN21

POLICIES, PROGRAMMES AND PLANS

An increasing number of governments worldwide - at the
regional, national, state and local levels - have enacted policies to
improve energy efficiency in the buildings, transport and industry
sectors. Drivers for such policies include increasing energy
security, advancing economic growth and competitiveness,
reducing fuel poverty and mitigating climate change.®? In
developing countries, increased efficiency can make it easier to
provide energy services to those who lack access.®® Policies -
including targets, regulations, standards and labelling, and fiscal
incentives - aim to address a number of barriers to accelerating
energy efficiency actions. These include a lack of capacity and
knowledge, misplaced incentives' across different stakeholders,
energy subsidies and regulatory barriers.®*

Additionally, some policies attempt to harness the synergies
between energy efficiency and renewable energy, despite limited
new examples addressing the two in concert. However, there are
numerous examples of policies and programmes that are focused
on renewable energy and energy efficiency simultaneously.

Targets to improve energy efficiency have been established at
all levels of government, including the regional level. A large
portion of existing targets is aimed at a particular sector or sub-
sector. In late 2014, the EU updated its economy-wide efficiency
improvements target (relative to 1990 levels) from 20% by 2020
to 27% by 2030, although the 2030 targets were adopted as
non-binding.®® During the period 2014-2015, several EU Member
States revised targets that they established in 2013 through
National Energy Efficiency Action Plans (NEEAPs) under the EU
Energy Efficiency Directive.

Although most of the absolute targets for 2020 remained
unchanged in 2015, three countries (Bulgaria, Croatia and
Slovakia) reduced their targets, while several others (including
Cyprus, France, Greece, Hungary, Malta, Spain and Sweden)
made their targets more ambitious.®®

Some countries have defined both energy efficiency and
renewable energy targets through roadmaps and national action
plans. In late 2015, Chile adopted an Energy Roadmap to 2050
that includes the reduction of energy poverty, improvements
in energy efficiency (i.e, equipment standards, new buildings
standards) and an increase in renewable energy generation (to
70% by 2050) throughout the period.”” In 2014, Japan adopted
its Strategic Energy Plan, which describes the need for energy-
efficient construction and renovation, LED lighting, Intelligent
Transportation Systems (ITS) and energy management systems
in industrial facilities, while also planning for accelerating
deployment of renewables and achieving grid parity over the
mid to long term.?® Also adopted in 2014, Indonesia's National
Energy Plan aims to transform the country’s energy mix by 2025
by improving energy efficiency and increasing the renewable
energy share in the energy mix from 2% up to 23%.%°

In Africa, some countries furthered their efforts to advance
renewables and energy efficiency in national initiatives in 2015.
Algeria adopted its Renewable Energy and Energy Efficiency
Program, which includes a strategy to develop and expand the

i Misplaced incentives occur if those who make decisions about investing in energy efficiency improvements are different from those who benefit from the

resulting energy savings.
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integration of renewable energy in the long term, while emphasising
the important role of energy savings and energy efficiency.'®
Tanzania issued a draft plan to promote energy efficiency in
various sectors and increase the contribution of renewable energy
to the electricity generation mix" Additionally, a Demand Side
Management Campaigns Unit was created within TANESCO
(Tanzania Electric Supply Company Limited) to build awareness
of peak load management among large power consumers and
to install power factor correctors.”? Rwanda's grid system loss-
reduction plan proposes an investment of USD 60 million to
reduce losses from 23% to 15% (which would produce capacity
savings equivalent to constructing a 15 MW power plant). The
country’'s Energy Sector Strategic Plan (ESSP) also calls for the
development of solar water heater regulations and a dedicated
demand-side management unit within its power utility.°®

A few countries also developed national roadmaps and plans
focusing specifically on energy efficiency. For example, the
Philippines’ Energy Efficiency Roadmap 2014-2030 aims for a
40% reduction in energy intensity over that period, calling for a
1.6% annual reduction in energy consumption against baseline
forecasts and energy savings of approximately 10.7 million tonnes
of oil equivalent per year by 2030 (all relative to a 2010 baseline).
This was followed by the Philippines’ National Energy Efficiency
and Conservation Action Plan 2016-2020, which outlines
initiatives to expand on those in the Roadmap.**

To achieve their energy efficiency targets, governments are
introducing new regulations or updating existing ones to drive
efficiency improvements. In order to comply with the EU target for
energy efficiency improvement, a number of EU Member States
are implementing various regulatory measures. For example,
Luxembourg modified existing regulations on building energy
performance to comply with directive 2010/31/EU.° Hungary
adopted a National Building Energy Performance Strategy
2015-2020 that established primary energy-saving targets to be
achieved through buildings refurbishment and introduced stricter
requirements for the cumulative primary energy performance for
buildings - while also promoting the use of renewable energy
sources for heating and cooling in buildings (e.g., solar collectors,
biomass and heat pumps).'°®

In late 2015, the Energy Community Ministerial Council adopted
EU Directive 2012/27/EU, setting a 20% energy efficiency target
for 2020 within the Energy Community’ and paving the way
for additional improvements in the future, while also including
consideration of increasing renewables. As in the EU, the
Energy Community Directive requires Contracting Parties to
adopt energy savings obligation schemes for energy distribution
and retail companies; to enact policies to improve efficiency
in heating and cooling and to advance co-generation; and to
establish annual targets for the renovation of central government
buildings. Notably, efficient heating and cooling in the Directive
includes the use of renewable energy sources and the reduction
of non-renewable primary energy."®”

Also in 2015, Belarus updated its energy efficiency legislation to
improve data, monitoring, education, training and international
collaboration.'®® Kazakhstan amended its Law on Energy
Efficiency (2012) to provide more legal details on the functioning

of energy service companies.® In Kenya, Energy Management
Regulations (2012) mandate that consumers of more than
180,000 kWh annually conduct energy audits every three years."

In 2014, Austria adopted the Federal Energy Efficiency Act, setting
the national target for the country's final energy consumption not
to exceed 1.05 PJ in 2020."" As of January 2015, energy suppliers
in Austria are required to implement demonstrable measures to
increase energy efficiency to achieve the targeted annual increase
in efficiency of 0.6% through an energy-savings obligation system;
large-scale consumers must implement an energy management
system or otherwise face an energy audit every four years, while
small and medium consumers can participate voluntarily."?

A number of new policies in the United States focused on
the buildings sector. The national-level Energy Efficiency
Improvement Act was enacted into law in 2015, promoting energy
efficiency in commercial buildings; establishing new regulations
for smart grid-enabled water heaters; ensuring public disclosure
of building energy performance and usage; and establishing
efficiency requirements for building space leased by any federal
agency.™ Atlanta (Georgia) and Portland (Oregon) became the
12th and 13th US cities to adopt energy efficiency benchmarking
through policies to improve building energy performance.™

Standards and labelling programmes are the primary tools used
to improve the efficiency of a variety of appliances and other
energy-consuming products. As of end-2015, such programmes
were operational in at least 80 countries and covered more than
50 types of commercial, industrial and residential appliances and
equipment.”® Developments in 2015 include an update to the EU
Minimum Energy Performance Standards (MEPS) for low-voltage
motors and transformers, with the enactment of more-stringent
energy efficiency requirements."®

Kenya adopted its Energy Bill to (among other things) establish
a designated agency that is responsible for energy efficiency
improvements, including the adoption or development of
standards (notably, the Energy Bill is also designed to clarify
issues related to the ownership of renewable energy sources
and licensing and to establish a feed-in-tariff system).” Kenya's
standards and labelling programme proposes MEPS for a range of

i Members of the Energy Community include the EU and eight Contracting Parties: Albania, Bosnia and Herzegovina, Kosovo, the former Yugoslav Republic
of Macedonia, Moldova, Montenegro, Serbia and Ukraine. As of April 2016, Armenia, Georgia, Norway and Turkey participated as Observers.



appliances, and the country also has set a standard for improved
biomass cook stoves."™ Additionally, Uganda developed MEPS
for several appliances, and its National Bureau of Standards has
a testing laboratory to support appliance quality monitoring."®

Many of the new standards set in 2015 were in the transport sector.
For example, a new EU mandate requires that all new passenger
cars registered from 2015 onwards consume no more than 5.6
litres per 100 km (I/km) of petrol or 4.9 1/100 km of diesel. By 2021,
this requirement will be further tightened to 4.11/100 km of petrol
or 3.6 1/100 km of diesel.?® Japan also increased its performance
requirements under existing fuel-efficiency regulations for light-
and heavy-duty vehicles” Saudi Arabia set new regulations
for light-duty vehicles to improve vehicle performance by 4%
annually, increasing from an average fuel economy of 8.3 1/100
km in 2015 to 5.3 1/100 km by 202522 Uganda's Fuel Efficiency
Initiative Programme supports the development of policies and
regulations that promote the use of fuel-efficiency vehicles.”

Fiscal incentives - including rebates, tax reductions and low-
interest loans - also have been employed to stimulate improve-
ments in energy efficiency. ltaly is offering USD 382 million
(EUR 350 million) of soft financing for energy efficiency
improvements in public school and university buildings.**
Lithuania is using structural funds from the EU to provide
investment incentives for industry to implement efficiency
measures between 2014 and 2020.?° In 2015, Germany began
encouraging municipalities, municipal companies, religious
communities and small and medium-sized enterprises (SMEs)
to implement energy performance contracting through the
provision of grants for consulting on related matters.?®

Spain introduced several programmes and allocated funds
to support fiscal incentives in 2015. Through its National
Energy Efficiency Fund (established in 2014), Spain allocated
USD 184 million (EUR 168 million) for energy renovation of
buildings, efficiency improvements in the transport and industrial
sectors, and more-efficient street lighting®” In addition, Spain
initiated the Efficient Vehicle Incentives Program, with a budget
of USD 191 million (EUR 175 million), to encourage the purchase
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of new energy-efficient vehicles.” The country also launched a
subsidy scheme, allocating USD 219 million (EUR 200 million) for
energy efficiency improvements, including improving the thermal
insulation of buildings and advancing the efficiency of heating
and lighting systems.”® Beyond Europe, Canada started to offer a
number of rebates for energy-efficient equipment in 2015, such as
ductless heat pumps, cold-climate ductless heat pumps, Energy
Star-certified refrigerators and efficient clothes washers,'®

In terms of financing, energy efficiency and renewable energy
actions often are considered within a broader area of clean or
sustainable energy, and, therefore, both types of projects can be
eligible under the same financing scheme. For example, in 2015,
the US Environmental Protection Agency introduced the Clean
Energy Incentive Program (CEIP) to reward early investments in
renewable energy generation and demand-side energy efficiency
measures that generate carbon-free energy or reduce end-use
energy demand by 2020 and/or 2021 In terms of financial
incentive programmes that explicitly target both renewables
and efficiency, Nigeria's National Renewable Energy and Energy
Efficiency Policy, adopted in April 2015, provides incentives for
selling, manufacturing and importing energy-efficient products,
while also promoting policies for renewable energy sources.*?
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BELGIUM

Scaling-up community energy

The Belgian co-operative Ecopower is demonstrating how to initiate and scale up local community energy
initiatives to create a wider community energy movement. Ecopower develops and funds renewable energy
(b projects and now supplies 1.1% of all households in Flanders, Belgium with electricity. These projects enable

citizens to invest in the generation and use of renewable electricity, which has resulted in the co-operative’s
EUR 48 million in equity. Rather than focus on an individual community, Ecopower aims to spread community
energy projects across the region.

Flanders, Belgium | Created: 1991 | Members: 50,000 | Concept: universal local renewable energy projects
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07 FEATURE: COMMUNITY
RENEWABLE ENERGY

Citizens' involvement in the energy transition

The concept of community renewable energy (community power,
energy democracy', prosumer and energy citizenship) revolves
around the idea of community ownership, participation and
shared interest in renewable energy initiatives, although there
is no widely agreed definition." In community energy initiatives,
citizens, social entrepreneurs and/or community organisations
participate directly in the energy transition by investing in,
producing, selling and distributing renewable energy or delivering
energy services.

Community energy may describe a geographic community
or a community of interest, and may be in the form of shared
renewable energy projects or small locally controlled grid-
connected systems.?

Common characteristics include:

B Citizens running projects through communities, such as
co-operatives or development trusts;

B A co-operative, democratic or non-corporate structure in
which individuals participate actively in decision making;

W Tangible local benefits to people living or working close to
projects; and

B Profits returning to the community or being re-invested in
other community energy schemes.®

Community energy initiatives have existed since the middle of
the 19th century. Such projects enable communities to share
their resources and can be used to power small-scale industrial
activities. It was not until the late 1970s, however, that community
energy initiatives began to become more associated with modern
renewables, beginning in Denmark with the Danish Wind Turbine
Owners' Association in 1978.

Now many communities are turning to local renewable energy
production. Most projects are focused on electricity generation,
although examples also exist for heating and transport. Project
feasibility and the choice of technology depend on the regulatory
framework; the potential to export the power, heat or fuel produced
(determined by regulations and the available infrastructure);
and possible remuneration* A wide range of services may
be delivered, including the provision of infrastructure, energy
distribution and grid management, renewable energy generation
and energy provision to end-users.

The extent of public participation in community renewable
energy projects varies. Generally, the form that the initiative takes
is determined by local needs and resources and the policy and
regulatory environment.

Consolidated data on community initiatives are very limited,
particularly in the developing world, as information is decentralised
and often is not collected at the local level. Nonetheless,
community energy networks to share data and strategies are
slowly being established at the national and regional levels in
some countries.

i Energy democracy goes beyond national security of the energy supply to bringing energy resources and infrastructure under public or community
ownership or control, from Gegenstrom 2012, www.gegenstromberlin.net, cited in http://rosaluxeuropa.info/userfiles/file/Energy-democracy-in-Europe.pdf.

i Energy citizenship refers to the idea that citizens and communities can contribute more broadly to energy transitions when a wider consciousness of energy
issues has been initiated. This encompasses the prosumer and community energy, but also citizens beginning to own or operate distribution grids, as well
as supply and energy service companies, from ClientEarth, "Model Legal Frameworks for citizen-owned renewable energy,” http://www.clientearth.org/

reports/community-power-report-250614.pdf.
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STATUS AND TRENDS

Since 2008, there has been a marked rise in initiatives focused
on community renewable energy, especially in Europe.® In
industrialised countries, particularly over the past decade,
community renewable energy initiatives have tended to rely
on government incentive schemes and market mechanisms,
whereas in the developing world, initiatives often rely on
additional government and NGO support or on partnerships
with private enterprises.® To some degree, community energy
projects across the world have tended to develop in more
affluent communities, often where there is greater energy literacy
and interest in environmental issues.” The role and potential of
community renewable energy projects in larger urban areas
is, as yet, underdeveloped.® Projects historically have relied on
wind power, small-scale hydropower and micro-hydro (typically
5-100 kW), biogas and solar PV technologies.

In Europe, more than 2,800 energy co-operatives were in
operation as of 2015.° In Germany, the number of renewable
energy co-operatives increased from 67 to 772 between 2008
and 2014.° Although almost half (46%) of the installed renewable
energy capacity in Germany is owned by private individuals
and farmers, the growth of renewable energy co-operatives has
decelerated, due largely to recent changes in energy policy. The
Netherlands has experienced similar growth, with the number of
energy co-operatives increasing from 19 in 2008 to 500 in 2015.”
In Scotland, an estimated 508 MW of community and locally
owned capacity began operation in 2015, already exceeding the
government'’s 2020 target of 500 MW.

In Australia, 45 community energy projects had been deployed by
2015, and 70 more were in planning phases.”® However, projects
in Australia have faced difficulties in the form of investment
regulations (limiting small-scale projects to no more than 20
investors per project within a 12-month period) and financial
constraints.™

Community renewable energy projects are beginning to play an
important role in many parts of the United States and Canada,
where individual states and provinces are free to set their own
policies governing co-operatives and local energy policy.”® Several
US states - including Colorado, Massachusetts, Minnesota and
Vermont - and the Canadian provinces of British Columbia and
Ontario have supported community renewable energy projects
through tax credits, net metering and other policy measures.'®

Some countries in Asia have a history of community energy
projects, particularly in micro-hydro generation. For example,
in India, community energy projects (largely micro-hydro) have
existed since the 1950s. In Nepal, roughly 15% of electricity is
produced by community-owned micro-hydro installations.”

In Latin America, renewable energy co-operatives are playing an
important role in the electrification of rural areas.”® Costa Rica,
with its ambitious goal of becoming carbon-neutral in 2021, is
home to four energy co-operatives with over 180,000 members,
controlling almost 15% of the energy market'® In Chile, new
co-operative initiatives are emerging out of a period of intensive
opposition to proposed large-scale coal-fired and hydroelectric
generation. Recent legislative changes are allowing the entry of
small-scale generators to the electricity market for the first time.?°

In Africa, existing community energy projects have been initiated
largely by international NGOs, governments, and educational and
religious institutions, such as the SharedSolar initiative developed
by Columbia University. In poor, rural parts of Africa, formal
recognition such as bank accounts or official holdings are rare
for individuals and small businesses. Without such recognition,
initiating community energy projects is difficult.?’ Nonetheless,
there are some successful examples of more localised initiatives,
for example in East Africa, where community energy projects
have driven energy access efforts in areas that lack a centralised
electricity grid.?? (-~ See Sidebar 5.)



ORGANISATIONAL STRUCTURES

Organisational structures of community energy initiatives may
be in the form of partnerships, co-operatives, community trusts
and foundations, limited liability companies, non-profit customer-
owned enterprises and housing associations.? The choice
of structure often is determined by the interest or goal of the
particular community as well as the regulatory framework. There
is a general lack of analyses about organisational structures of
community energy, especially in developing countries.

Partnerships generally are governed by a management
board, with the ownership rights linked to the financial stake of
each partner. In Germany, partnerships with a private limited
company are a commonly used legal entity for community
renewable energy ownership. In Denmark, partnerships also are
referred to as co-operatives, because of their role as a typical
form of "association”, and come with different liabilities and tax
implications.

Co-operatives are democratic structures that follow a set of
internationally agreed principles and make decisions on a “one-
member-one-vote” basis; day-to-day operation is governed
by an elected board. Renewable energy co-operatives exist
in Europe, North America, Africa and parts of Asia and Latin
America.®* Although the structure varies from one country to
another, co-operatives tend to be the most common structure
for community renewable energy initiatives.?® In the developing
world, co-operatives historically have played a role in other
sectors as well, such as in the agricultural sector.

Community trusts and foundations share benefits from
community renewable energy projects with citizens that do
not have enough money to invest, ensuring that returns on
investments are used for specific local or community purposes. In
the United Kingdom, "Development Trusts” may take a number of
different legal forms: a charity, a company limited by guarantee, a
community interest company (CIC) or an industrial and provident
society (IPS). In Scotland, Development Trusts have become
a popular form of community ownership of wind projects.?® In
Denmark, the community foundation model has been used to
create a community pot of money where generous profits from
renewable energy production can go towards funding local
development.?

Public and private limited liability companies (LLCs) are
based on a legal framework that limits the liability of investors,
protecting their private assets from losses. LLCs are becoming
increasingly common instruments for implementing community
energy projects, particularly in Europe and North America.?® One
example is the University Park Community Solar LLC, formed
by residents in the US state of Maryland to reduce their reliance
on local utilities. Their efforts were facilitated by the state's net
metering policy and tradable renewable energy certificates,
which created revenue-generation opportunities for the local
community.?

Non-profit, customer-owned enterprises are similar to
co-operatives in structure but add particular rules: for example,
ownership might require grid connection, or votes may be capped
to limit the power of individuals who own multiple properties. This
type of structure is ideal for community power projects that rely
on grid networks that are small or independent.*® It is particularly
popular in Denmark's district heating sector.®
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Housing associations are private, non-profit organisations that
can finance community renewable energy projects by adjusting
tenant rents. They are highly regulated in many countr